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MUSING 


hemistry Musing was started from August '13 issue of Chemistry Today with the suggestion of 
Shri Mahabir Singh. The aim of Chemistry Musing is to augment the chances of bright students preparing for 
JEE (Main and Advanced) / AIPMT / AIIMS / Other PMTs & PETs with additional study material. 

In every issue of Chemistry Today, 10 challenging problems are proposed in various topics of JEE (Main 
and Advanced) / AIPMT. The detailed solutions of these problems will be published in next issue of Chemistry 
Today. 

The readers who have solved five or more problems may send their solutions. The names of those who send 
atleast five correct solutions will be published in the next issue. 

We hope that our readers will enrich their problem solving skills through "Chemistry Musing" and stand in better 
stead while facing the competitive exams. 


eROBLEM 


Set 23 
JEE MAIN/PMTs (а) 481 (b) 16 
2 
1. Pick up the rearrangement involving migration to 
electron deficient oxygen. (c) 352 (d) 534 
3 2 


(a) Pinacol - pinacolone rearrangement 
(b) Hofmann rearrangement 


(c) Baeyer - Villiger rearrangement 


Ethylene can be prepared in good yield by 


Heat 


CH4CH4N*(CH4AI- 
(d) None of these (a) ,CH9N'(CH3JI ——5 


2. Which among the following statements is correct ОЕЕО ЕНИ 


regarding the bonding of Pt and C;H, in Zeises (b) CH,CH,N*(CH,),OH- Heat 
еп? 3)3 DEN 
salt? 
I. It involves o-donation from the 1-orbital of ож ы UEM 
alkene into vacant metal hybrid orbital. (с) CH;CH,NH, Heat CH,—CH, + NH; 


II. It involves z-donation from the m-orbital of 

(d) both (a) and (b). 
The IP;, IP), IP, IP, and IP; of an element are 
7.1, 14.3, 34.5, 46.8, 162.2 eV respectively. The 
element is likely to be 

(a) Na (b) Si 

(с) F (d) Ca 
——————— 
xylene are 75 torr, 22 torr and 10 torr respectively Solution Senders of Chemistry Musing 


at 20°C. Which of the following is not a 


possible value of the vapour pressure of an 1. Krunal N. Jariwala (Ahmedabad) 


alkene into vacant metal hybrid orbital. 

III. It involves zt-back donation from the filled 5. 
metal d-orbital (or hybrid) into the vacant 
antibonding orbital of alkene. 

(a) I, II and III (b) I and III 

(c) IL and III (d) III only 


3. '[he vapour pressures of benzene, toluene and 


OOOO OOOO GOOO 


OOOO 


equimolar binary/ternary solution of these at 


OC 


2. Pramila Kar, Cuttack (Odisha) 
20°C? Assume all form ideal solutions with each 


POOLELE 


eme 


other. 


3. Manas Rajput, Udaipur (Rajasthan) 


OO 
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JEE ADVANCED 


8. 


In which of the following triads, first one has the 
highest boiling/melting point? 


6. In the reaction, 
280, + О, == 2803, (а) PH, AsH3, SbH; 

starting with 2 moles of SO; and 1 mole of Oj in 1 L (b) HBr, HCl, HF 

flask, mixture required 0.4 moles of MnO} in acidic (c) CH3;0CH3, CH3SCH3, CH4SeCH; 

medium. Hence, K, is (d) AIF3, SiF4, PF; 

(a) 2.0 (b) 0.4 

(c) 1.6 (d) 2.6 

9. The number of stereogenic centres present in 

following eddipoutid is 
Boiling point of a covalent compound depends on О 


the intermolecular forces. Intermolecular forces аге 
the forces of attraction and repulsion between the 
interacting particles (atoms and molecules). This term 


OH 


oa 


does not include the electrostatic forces that exist : 

between the two oppositely charged ions and the forces О 

that hold atoms of a molecule together i.e., covalent 

bonds. 10. 2 gofa gas X are introduced into an evacuated flask 


kept at 25°C. The pressure is found to be 1 atm. 
If 3 g of another gas Y are added to the same flask, 
the total pressure becomes 1.5 atm. Assuming 


7. Liquification of which gaseous substance will arise 
as a result of momentary imbalance in electronic 


ОР КА 
сора ideal behaviour, the molecular mass ratio of Y and 
(a) NH) _ (b) СО) Xis 

(c) Na Cl) (d) Хе, © 
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Ф 


The questions given in this column have been prepared strictly on the basis of NCERT 
Chemistry. Papers of JEE(Main & Advanced)/AIPMT/AIIMS/other PMTs are drawn 
heavily from NCERT books. Practice Hard! All the best!! 


1. 


0.5 mole of each of Н», SO, and СН, are kept in a 
container. A hole was made in the container. After 
3 hours, the order of partial pressures in the 
container will be 

(а) Ро» > Рсн > PH (D) Pu; > Pso > PcHy 

(c) Pcu4? Pso5 > Pu, (d) Рн, > Pens > Psos 


(R) in the given reaction sequence is 


hyd. AICI HCN 
e К кы» шч 


H,O/dil. acid | 


(R) c Q) 


(Optically active) 
ү i 
CH—CH, HOOC—C—CH, 
(a) (b) 
OH NH, 
Cl—C—CH, HOOC—C—CH; 
(c) (d) 


The atomic weights of two elements A and B are 40 
and 80 respectively. If x g of A contains y atoms, 
how many atoms are present in 2x g of B? 


(a) 7 Ы) 2 
(9 y (d) 2y 


Phenol associates in benzene to a certain extent to 
form dimer. A solution containing 2.0 x 10 ? kg of 
phenol in 1.0 kg of benzene has its freezing point 
decreased by 0.69 K. The degree of association of 
phenol is 

(Krfor benzene = 5.12 K kg mol !) 

(a) 73.496 (b) 50.196 

(c) 42.3% (d) 25.196 


5. 


Dettol is used as an antiseptic. It is a mixture of 
(a) furacine, terpineol 

(b) bithionol, iodoform 

(c) chloroxylenol, terpineol 

(d) veronal, serotonin. 


The IUPAC name of the given compound is 


cr 


(a) 2,4,4-trimethylhex-5-ene-5-ol 
(b) 3,3,4,4-tetramethylbut-1-en-2-ol 
(c) 3,3,5-trimethylhex-1-en-2-ol 

(d) none of the above. 


Assume two radioactive substances A and B 
disintegrating by 


-d[A] 0.693 
FRE КА[А], tiza) = ka 

В] 2 1 

ВР Eu 
dt BIBI’. ров) kalBlo 


If both half-life periods and concentrations are 
equal, rates at the start of reaction will be in the 
ratio 

(a) 0.693 
(c) kg 
An example of a condensation homopolymer is 
(a) bakelite 

(b) melamine-formaldehyde resin 

(c) alkyd resin 

(d) perlon or nylon-6. 


(b) д/в 
(d) none of these. 


The Hinsbergs test of a compound, C;H,4N> 
produces a solid that is insoluble in 1096 
aq. NaOH. This solid derivative dissolves in 1096 
aqueous sulphuric acid. Which of the following 
would best describe these facts? 
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Ф 


10. 


11. 


12. 


13. 


14. 


15. 


Ф 


(a) NH,CH,CH,N(CH;), 
(b) (CH;),NCH,CH,NHCH, 
(c) NH,CH,C(CH;),CH,NH, 
(d) (CH3),NCH,N(CH3), 


Correct arrangement of the following acids in 
decreasing order of pK, values is 


CHCOOH, CLCHCOOH, F;CCOOH, 
I II ПІ 
CICH;COOH FCH,COOH 
IV У 


(а) I» III» II» IV» V 
(c) HI» II» I» V» IV 


(b) I» IV» V» II» III 
(d) II» III»I»IV» V 


At 273 K, the density of a certain gaseous oxide 
at 2 atmosphere is same as that of dioxygen at 
5 atmosphere. The molecular mass of the oxide 
(ing mol!) is 
(a) 80 
(c) 32 


(b) 64 
(d) 160 


If0.189 g ofachlorine containing organic compound 
gives 0.287 g of silver chloride, then the percentage 
of chlorine in the organic compound is 

(a) 35.47 (b) 47.57 

(с) 37.57 (а) 45.37 


Among the following complexes the one which 
shows zero crystal field stabilization energy (CFSE) 
is 

(а) [Mn(H5O)g^ — (b) [Fe(F;O) g^" 

(c) [Co(5O)g* (9) [Co(F5O)J* 

An organic compound P has 76.696 C and 6.38% H. 
Its vapour density is 47. It gives a characteristic 
colour with aq. FeCl;. P when treated with CO; and 
NaOH at 140°C under pressure gives Q which on 
acidification gives R. R reacts with acetyl chloride 


to give S, which is 
jos 
OCOCH; 


o CTC o 
OCOCH; 
OH OCOCH, 
oO = 

OH COOH 


Which of the following descriptions about [FeCl,]*” 
is correct? 

(a) dsp’, inner orbital complex, diamagnetic 

(b) sp?d?, outer orbital complex, paramagnetic 

(c) d’sp’, inner orbital complex, paramagnetic 

(d) sp?d^, outer orbital complex, diamagnetic 
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16. 


17. 


18. 


19. 


20. 


21. 


22. 


Which of the following on thermal decomposition 
yields a basic as well as an acidic oxide? 

(a) KClO; (b) NaCO; 

(c) NaNO; (d) СаСО; 


Which of the following order about their basic 
strengths is correct? 

(a) NH; < NH,OH < NH,NH, 

(b) NHOH < NH,NH, < NH; 

(c) NH; > NH,OH > NH,NH, 

(d) NH,OH > NH,NH, > NH; 


In acidic solution, MnO; is 
(a) oxidised by 3 electrons 
(b) reduced by 3 electrons 

(c) oxidised by 5 electrons 
(d) reduced by 5 electrons. 


The atomic numbers of vanadium (V), chromium 
(Cr), manganese (Mn) and iron (Fe) are 23, 24, 
25 and 26 respectively. Which one of these may 
be expected to have the highest second ionisation 


enthalpy? 
(a) V (b) Cr 
(c) Mn (d) Fe 


In the equilibrium N,O4(¢) = 2NO (when 5 moles 
of each is taken and the temperature is kept at 298 K, 
the total pressure was found to be 20 bar. 
[Given: AG?(N;O,) = 100 kJ; AG?(NO,) = 
The reaction will be in 

(a) forward direction (b) reverse direction 
(c) equilibrium (d) cannot say. 


50 kJ] 


The data for the reaction A + В — C, is 


Exp. [Alo [В], Initial rate 
1 0.012 0.035 0.10 
2 0.024 0.070 0.80 
3 0.024 0.035 0.10 
4 0.012 0.070 0.80 


The rate law corresponds to the above data is 

(a) Rate = k[A][B]? (b) Rate = k[A]*[B]? 

(c) Rate = К[В]? (d) Rate = k[B]* 

The uncertainty in the velocity of a particle of mass 
6.626 x 10?! kg is 1 x 10° m s^. What is the uncertainty 
(п = 6.626 x 10:74 J s) 


(45) 

(b) P 
(s) 

(d) pe 


in its position (in nm)? 


0 (4) 
(t) 


23. 


24. 


25. 


26 


27. 


28. 


29. 


Which of the following orders is not in accordance 

with the property stated against it? 

(а) F,>Cl,> Br; > I, : Bond dissociation energy 

(b) F, > Cl, > Br, > L : Oxidising power 

(c) HI > HBr > HCl > HF : Acidic property in 
water 

(d) F > CI » Br > I : Electronegativity 


Calculate the amount of Ca(OH), required to 
remove the hardness of water from 60,000 litres 
containing 16.2 g of Ca(HCO,); per 100 litre. 

(a) 1.11 kg (b) 2.22 kg 

(c) 3.33 kg (d) 4.44 kg 


Which one of the following is least covalent in 
nature? 

(a) NF; (b) ВЕ; 

(c) PF; (d) SbF; 


The van der Waals’ constants for four gases P, Q, 
Rand S are 4.17, 3.59, 6.71 and 3.8 atm I? mol ?. 
Therefore, the ascending order of their liquefaction 
is 

(a) R< P<S<Q 
(с) Q«S«P«R 


(b Q«S«R«P 
(d R«P«Q«S 


Which of the following haloalkanes would undergo 
542 reaction faster? 


‚ Qoa «Со 


ш. “МАХ у “Ха 


(a) I (b) II 
(c) III (d) IV 


For the properties mentioned, the correct trend for 
the different species is in 

(a) strength as Lewis acid - BCl, > AlCl, > GaCl, 

(b) inert pair effect - Al > Ga > In 

(с) oxidising property - AP* > In?* > TP* 

(d) first ionization enthalpy - B » Al» TI 


Total number of tertiary carbon atoms present in 
the following compound is 


(CH34C 5 CH(CH3); 
OH 
(a) 6 (b) 2 
(c) 4 (d) 5 


31. 


32. 


33. 


34. X 


35. 


36. 


37. 


. For a reaction, 2Ky + Li) > 2Mig) ; AU? = -10.5 kJ 
and AS? = - 44.1 J К |. Calculate AG? for the 
reaction and predict whether the reaction will be 
spontaneous or non-spontaneous? 

(a) + 0.16 kJ, non-spontaneous 
(b) – 0.16 kJ, spontaneous 

(c) + 26.12 kJ, non-spontaneous 
(d) -26.12 kJ, spontaneous 


In which of the following pairs of molecules/ions 
both the species are paramagnetic? 

(а) C» Nj (b) O75, E; 

(c) NO, CN (d) №7, NO* 


The isoelectronic pairs are 
(а) Na*, Мр?" (b) Mg, Е- 
(с) NON; (d) all of these. 


For CrO + 14H* + бег — 2Cr** + 7H50, 
E = 133 V at [С,02] = 45 millimole, 
[Cr**] = 15 millimole, E is 1.067 V. The pH of the 
solution is nearly equal to 
(a) 2 (b) 3 
(c) 5 (d) 4 

Ozonolysis 

: Y+Z 

(Reductive) 
Y can be obtained by Etard’s reaction. 
Z undergoes disproportionation reaction with 
concentrated alkali. X could be 
CH=CH, 


1. CH3MgBr 
p 2. H340* 

Pis 

(a) propanone 

(c) ethanenitrile 


RbO, is 

(a) peroxide and paramagnetic 
(b) peroxide and diamagnetic 

(c) superoxide and paramagnetic 
(d) superoxide and diamagnetic. 


R 145 NOS 4-methylpent- 3-en-2-one. 


(b) ethanamine 
(d) ethanal. 


The true statement for the acids of phosphorus, 

H,PO,, HPO; and НРО, is 

(a) the order of their acidity is HPO, > HPO; > 
HPO, 


Ф 
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38. 


39. 


40. 


41. 


42. 


43. 


® 


(b) all of them are reducing in nature 

(c) all of them are tribasic acids 

(d) the geometry of phosphorus is tetrahedral in 
all the three. 


Initial rate data at 25°C are listed in the table for the 
reaction : NH} + NO; —> №, + 2Н,О 


Exp. | Initial Initial Initial rate of 

no.  [NHj] [NO;] consumption 
1. 0.24 0.10 7.2 х 10° 
2. 0.12 0.10 3.6 x 10°° 
3. 0.12 0.15 5.4 x 1079 


The rate law for the reaction will be 
(а) kNH4] (b) K[NH42][NO;] 
(с) КН]? (d) KNH4]INO;T' 


A crystalline solid X reacts with dil. HCI to liberate 
a gas Y. Y decolourises acidified KMnO,. When a 
gas Z is slowly passed into an aqueous solution of 
Y, colloidal sulphur is obtained. X and Z could be, 
respectively 

(a) Na5S, SO; (b) Na;SO,, H5S 

(c) Na,SO3, H5S (d) NaSO,, SO; 


The number of peptide bond(s) in the compound 
O CH; н О 


нс АМ 
H 


NHNH, 
O 
is/are H3C CH, 
(a) 1 (b) 2 
(c) 3 (d) 4 


In a solid, oxide ions are arranged in cep. 
One-sixth of the tetrahedral voids are occupied by 
cations X while one-third of the octahedral voids 
are occupied by the cations Y. The formula of the 
compound is 

(a) Х,ҮО; (b) XYO4 

(c) XY,03 (d) X;Y50; 

In the following reactions sequence 


aq. KOH KMnOJH* 
— M» 
^ 


СН,СН,Вг =r? A B 


NH, Bry 
—> C+ > D; 


“ге; А alkali 
D’ is 

(a) CH3Br (b) CH3CONH, 
(c) CH;NH, (d) CHBr; 


Which of the following compounds undergo 
electrophilic substitution most easily? 
CH, OCOCH, 


(a) (b) 
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45. 


46. 


47. 


48. 


49. 


50. 


N(CjH;); CHO 


(c) (d) 


. The major product formed when 2-bromo-2- 


methylbutane is refluxed with ethanolic KOH is 
(a) 2-methylbut-2-ene (b) 2-methylbutan-1-01 
(c) 3-methylbutan-2-ol (4) 2-methylbutan-2-ol. 


Silica is reacted with Na,CO3. Which gas is 
liberated? 

(a) CO (b) О, 

(c) CO; (d) О 


Which of the following structures for a nucleotide 
is not correct? 

(a) Cytosine-Ribose-Phosphate 

(b) Uracil-2-Deoxyribose-Phosphate 

(c) Uracil-Ribose-Phosphate 

(d) Thymine-2-Deoxyribose-Phosphate 


The production of dihydrogen gas via water-gas 
shift reaction : 


A 
CO + НО “Catalyst” СО) + Hag) 
The CO, gas is removed by scrubbing with solution 
of 
(a) sodium arsenite (b) calcium oxide 
(c) sodium phosphite (d) aluminium oxide. 


In a mixture of PbS, ZnS апа FeS, each component 

is separated from other by using the reagents in the 

following sequence in froth floatation process 

(a) potassium ethyl xanthate, KCN 

(b) potassium ethyl xanthate, KCN, NaOH, CuSO,, 
acid 

(c) KCN, CuSO, acid 

(d) none of the above. 


Biochemical Oxygen Demand (BOD) is a measure 
of organic material present in water. BOD value less 
than 5 ppm indicates a water sample to be 

(a) rich in dissolved oxygen 

(b) poor in dissolved oxygen 

(c) highly polluted 

(d) not suitable for aquatic life. 


The correct order of first ionisation potential among 
the following elements Be, B, C, N, O is 

(а) B< Be<C<O<N 

(b) B«Be«C«N«O 

(c) Be< B< C<N<O 

(d Be< B<C<O<N 
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SOLUTIONS 


1. 


Ф 


(а): Initially, partial pressures were equal. Now 


reo „l/d or ХИМ, therefore amounts diffused 
out in the same time will be H, > CH, > SO}. 
Amounts left will be Н, < CH, < SO; 


Pso, > Peng ? Pn COCH 
3 


(b): @ а ооо 8 


(Р) 


нох 


кш үн 
HOOC—C—CH, NC—C—CH, 
H,O/dil. acid 
(R) (Q) 


(Optically active) 
x 
(c) : No. of moles of A= — 
40 


x 
No. of atoms of A = 20 NAP? 


2x x 
No. of moles of B= — = — 
80 40 


Now, no. of atoms of B = a N; =y 
HE ae 
W (in kg) x AT; 
_5.12x2.0x10 7 
1.0 x 0.69 


(a): M,(obs.) = 


=14.84x107 kg mol! 


= 148.4 g mol! 
Calculated molecular mass of phenol = 94 g mol ! 
- М, (са) 94 
~ M,(obs.) 1484 
2C4H,OH «== (С,Н;ОН), 
1-0 0/2 


= 0.633 


Total species = (1— a)+Č= js 
. 1-a/2 107 
і= o 


г —=l-i 
1 2 

or Q-2(1-i)-2(1—0.633) = 0.734 = 73.4% 
(c) 
(c): 3 ; OH 

4 

5 1 

6 


3,3,5-Trimethylhex-1-en-2-ol 


(а): tiza) = fug) 
0.693 1 k 
=——; -4 = 0.693 [B], = 0.693 [А], 
КА kplBlo Кр 
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10. 


11. 


12. 


I5; 


Rate, r4 = КА[А]0; rg = kg[Blo = КВ[А]0 
ТА __КА 


r КЫА "0693 


(d): Nylon-6 is a condensation homopolymer since 
it is obtained by condensation polymerization of 
only one type of monomer, i.e., caprolactum. 


(b): 3° amine does not react with Hinsberg’s 
reagent, 2? amine reacts but salt formed is not 
soluble in alkali. 
1? amine reacts and salt formed is soluble in alkali. 
(CH;),N—CH,—CH,—NHCH, 
Jeesoxa 


СН» 
Not soluble in aq. NaOH but dissolves 

in sulphuric acid 
(b): More the electron withdrawing effect, the 
compound will be more acidic. More the number 
of halogen atoms, greater would be the dispersion 
of the negative charge. Hence, more will be 
stabilisation of anion and the compound will be 
more acidic. More the value of pK,, less acidic will 
be the compound. Smaller the value of pK,, the 
compound will be more acidic. 


(a) : From ideal gas equation, PV = nRT 


PV=—RT Ё =”) 
М М 
pel o. ALM 
SO, M ium Р, М, 
2_32 5х32 E 
= -=— or М = = 80 g mol 
5 M 1 8 


(c) : According to Carius method, 

% of chlorine in organic compound 
_ 35.5 Mass of AgCl formed x 100 
143.5 ^ Mass of substance taken 
_ 35.50.287 
_143.5х0.189 

(b): H5O is a weak field ligand, hence A, < pairing 

energy. 

CFSE = (-0.4x + 0.6y)A, 

where, x and y are no. of electrons occupying ty, 

and e, orbitals respectively. 


X 100 = 37.57% 


For [Ее(Н,О),]?* complex ion, 
Fe?* (325) = thy eg =- 0.4% 340.6 x 2 
= 0.0 or 0 Dq 


14. 


15. 


16. 


17. 


18. 


19. 


(d): To determine empirical formula from data : 


Element | 96 Relative no. of | Simple 
atoms ratio 
76.6 

C 76.6 — — — 6.38 6 
12 

H 6.38 52% = 6.38 6 

O 17.02 pue =1.06 1 
16 


Empirical formula (Р) = CgH,O 
Empirical formula weight = 94 
Molecular weight = 2 x VD = 2 x 47 = 94 
“. Molecular formula of P is CgH,O. 
Since P gives colour with aq. FeCl; it has a 
phenolic group. 
Compound P should be CsH;OH NM 


Oe NaOH + СО» Q” 1 
COON 
(P) (Q) av | 
бг 
СООН 


Phenol 
CH3COCI Om 
«—————— 
COOH 


(S) (R) 
Aspirin (pain killer) Salicylic acid 


(b) : In [FeCl,]*, Fe?*(3d°), 


3d 4s p 4d 
Ese E] 
ee e аа 
sp?d? hybridisation 
Outer orbital complex 
Paramagnetic due to presence of four unpaired 
electrons. 
(d): CaCO; —- CaO + СО, 
(Basic) (Acidic) 
(b): Basicity in nitrogen compounds is attributed 
to the availability of lone pair of electrons. 
Putting more electronegative groups on N will 
decrease its basicity. 
Therefore, the order of basicity of these compounds 
is: 
NH; > NH,NH, > NH,OH 
(а): In acidic medium, 
MnO; + 8H* + 5e — Mn?* + 4H,O 
The reaction shows gain of 5е i.e. reduction. 
(b): The second ionisation potential value of Cr 
is sufficiently higher than those of neighbouring 
elements. This is because of the electronic 
configuration of Cr' which is за? (half-filled), 


20. 


21. 


22, 


і.е., for the second ionisation, the electron is to be 
removed from very stable configuration. 
(b): Standard Gibbs free energy change for the 
reaction, N;O4(g = 2МО;() 
AG? = AG" products -AG* reactants 

=2x50-100=0 
AG? = - 2.303 RT log K, = 0; K, =1 


Initially, px,o, = Pno, = 10 bar 


(Pxo,)” 
So, О... 2 Маро 
p(initial) 
PN,O, 


Initial Gibbs free energy of the above reaction, 

AG = AG? + 2.303 RT log Qp 

AG = 0 + 2.303 x 8.314 x 298 log10 

= 5.705 x 10? kJ mol! 

Since initial Gibbs free energy change of the reaction 
is positive, so the reverse reaction will take place. 
(c): A+BOC 
Let rate = k[A]* [B]" 
where order of reaction is (x + y) 
Putting the values of exp. 1, 2, and 3, we get following 
equations. 


0.10 = k [0.012]* [0.035)” 09) 
0.80 = k [0.024] [0.070] 017) 
0.10 = К [0.024] [0.035] ...(iii) 

Dividing eq. (ii) by eq. (iii), we get 

0.80 0.070 

am (0270) o mons 


Keeping [A] constant, [B] is doubled, rate becomes 
8 times. 
Dividing eq. (iii) by eq. (i), we get 
010 (0.024)  /.. 
E => 2=1 5 x=0 
Keeping [B] constant, [A] is doubled, rate remains 
unaffected. Hence rate is independent of [A]. 

Rate œ [B]? 


(d): Accordingto Heisenberg uncertainty principle, 


h 
MD 
Ax- ЕЕ Е [^ Ap = mAv] 
4n-mAv 
_ 6.626 x10 74 
© Anx 6.626 x 10?! x1x 10° 
_1x10° 


m 
4T 4T 
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Ф 


23. 


24. 


25. 


26. 


27. 


28. 


29. 


30. 


Ф 


(а) : The bond dissociation energy order is incorrect, 
the correct order is Cl, > Br; > F, > І,. The lower value 
of bond dissociation energy of fluorine is due to 
the high inter-electronic repulsions between non- 
bonding electrons in the 2p-orbitals of fluorine. 
As a result, F—F bond is weaker in comparison to 
Cl—Cl and Br—Br bonds. 
(d): Amount of Ca(HCO3), in 60,000 litres of water 
16.2 x 60,000 9720 
=—“" -970g 
100 162 
[: mol. wt. of Ca(HCOj), = 162] 
Ca(OH), + Ca(HCO;), э 2CaCO,V + 2H,0 


1 mole 


60 moles 


1mole 
Amount of Ca(OH), required = 60 moles 

= 60 x 74 = 4440 g = 4.44 kg 
[^ mol. wt. of Ca(OH), = 74] 


(b): On moving down the group, the covalent 
character of halides decreases. 
covalent character (decreases) 
NF,, PF}, SbF,, BiF, 
(c): Easily liquefiable gases have greater inter- 
molecular forces which is represented by high 


value of a. The greater the value of a more will be 
liquefiability. So, the order is Q < S< P < К. 


(c) : Among I and IL I will undergo Sy2 reaction 
faster as it is a primary alkyl halide while II is a 
secondary alkyl halide. Among I, III and IV, III will 
undergo Sy2 reaction fastest as iodine is a better 
leaving group because of large size. Hence, it will be 
released at a faster rate in the presence of incoming 
nucleophile. 


(a): Lewis acid strength decreases down the 
group. 


(d): (CH3C SS OH(CH); 


OH 

Encircled carbon atoms in this compound are 
tertiary carbon atoms (carbon atoms directly 
attached to three other carbon atoms). 
An, =2-3=-1 
АН°= AU? + An,RT 

= -10.5 x 10° + (-1 x 8.314 x 298) 

= -10500 + (-2477.572) = -12977.57 J 

= -12.98 kJ 
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31. 


32, 


33. 


34. 


AG? = AH? – TAS? 
= -12.98 - 298 (- 44.1 x 107°) 
= – 12.98 + 13.14 = 0.16 kJ 
Since AG? is +ve hence, 
non-spontaneous. 


the reaction is 


(c) : Molecular orbital configuration of 
C2: 01? 0*1? 62s” 0*2 2p? 2p! 
(diamagnetic) 
Nj : 018? 0*1? 62s” o*2s" n2p,” n2pj? o2p,' 
(paramagnetic) 
051015? o* 1s” 62s" 0*2 с2р, n2p,’ п2ру п*2р,> 
пру (diamagnetic) 
F;:01s^ 0*1 02s” 02s? o2p? л2р,? 12p? m*2p,. 
пру, (diamagnetic) 
МО: ols? o*1s 62s? с*25? б2р л2р,> 2p)? т*2р„! 
(paramagnetic) 
CN : ols? o*15^ 02s” б*25° л2р,? л2р„ о2р, 
(paramagnetic) 
NI : Os” 0*1 025? 072s" n2p,’ n2p,” с2р пр, 
л*2ру! (paramagnetic) 
NO* : Gls” o* 1s” 62s” с*25? o2p/ n2p,” n2py? 
(diamagnetic) 
(d) : All are isoelectronic pairs. 
Na* and Mg?* have 10 electrons. 
Mg”* and F` have 10 electrons. 
МО? and №, have 14 electrons. 


(а) : For the given reaction, 
CrO7- + 14H* + бе 2 2Cr** + 7Н,О 


ESE- 2.303RT | [Products] 
nF [Reactants] 
3-42 7 
i H 
peat ig LET n a 
6 [Cr,05 [Н] 


[15x10 Pu 


3 
1.067 =1.33 — 9.85 x10 "log 
[4.5x10 ?][n* ] 4 


— 0465  .21og[15 x 107] - logl4.5 x 10°] 
- 9.85x10? - Mlog[H*] 
28 
26.7 = 2 x -1.82 + 2.34 + M pH > pH- 77-2 
CH=CH, CHO 
(b): (Of о; + HCHO 
Zn/H,0 VA 
Vinyl benzene Y 
(Styrene) 
х 


‘Y’ is obtained by Etard's reaction, 


СН» i CHO 
CC 
(Qf «000. S (Of 
+H,0 
Toluene Benzaldehyde 
Y 


35. 


36. 
37. 


38. 
39. 


‘Z reacts with conc. NaOH, 
Disproportionation 


2HCHO + NaOH 
Formaldehyde (Z) 


Cannizzaros reaction 


HCOONa + СНОН 


Sodium formate 


CH3MgBr 
— o? CH,COCH; 


3 


(с): HC—CEN 
Ethanenitrile 
Р 
OH 


| 1. dil. NaOH 
(CH3)5— C— CH,COCH; (Aldol condensation) 


Diacetone alcohol 


(Aldol) 


[2 Heat HY Ы CH,),C =CHCOCH 
-2H,O SEO 3 


4-Methylpent-3-ene-2-one 


Acetone (2 moles) 


(Mesityl oxide) 
(c) 
(d): There is very little difference in their acidity. 


О О О 
PL. 
^YoH H^V'OH gHo^ OH 
H H OH OH 
HPO, 


HPO; HPO; 


Reducing nature depends on no. of P—H bonds. 

More the no. of P—H bonds, more will be the 

reducing nature. Thus, H;PO, is stronger reducing 

agent than H;PO; while H3PO, does not act as 

reducing agent at all. 

H3PO,, H3PO3 and H3PO, contain one, two and 

three ionisable hydrogen atoms (P—OH bonds) 

respectively. 

As sp? hybridised, therefore all are tetrahedral. 

(b) 

(c) : №503; + 2HCl (qi, > 2NaCl + SOx + H,O 
x "Y 

H20 + SO; > HSO3(aq) 


Sulphurous acid 


(An aq. solution of Y) 
H,SO3 + 2H2S(g) > 35 + 3H,0 
(Colloidal) 


v 


41. 


(b) : Suppose number of O^ ions = n. Then number 
of octahedral voids = n and number of tetrahedral 
voids = 2n 


42. 


43. 


44. 


45. 
46. 


47. 
49. 


50. 


No. of cations X present in tetrahedral voids 


REL 
6 3 


No. of cations Y present in octahedral voids 
n 
=—хп=— 
3 


пп 
Ratio X: Y: O7 ==:=: 
atio 33 


Hence, formula is XYO,. 


aq. KOH KMnOJH* 
(A) 
Br,/alkali NH; 
— CH;CONH, <—> СНСООН 
(C) (B) 


CH3NH, 
(D) & 
s l 

CH, :0—C—CH, 


„© 


Activating due to +I and Lone pairs of O are in 


hyperconjugation conjugation with C — O 
(weak effects) hence moderate activating group 
:N(C,H), H—C-O 


Lone pair on N leads to 
+M effect (a powerful effect) 
(Most activating) 


Deactivating group 


(a): According to Saytzeff's rule, the compound 
undergoes elimination reaction to form more 
substituted alkene as the major product. 


сү DEG dd " died 


Br 
2-Bromo- 2-Methylbut- 2-Methylbut- 
2-methylbutane 2-ene 1-епе 
(70%) (30%) 


(c) : SiO; + Na,CO, —=—> Na;SiO, + COT 
(b): Uracil is present only in RNA which contains 
ribose as the sugar. Thus, nucleotide given in option 
(b) is incorrect. 
(a) 48. (b) 
(a) : Clean water rich in dissolved oxygen would 
have BOD value of less than 5 ppm whereas highly 
polluted water could have a BOD value of 17 ppm 
or more. 
(a) 

ФФ 


Ф 
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ZARNA 


Electron Displacements in Organic Compounds 


The behaviour of an organic compound is influenced 
to a large extent by the electron displacements taking 
place in its covalent bonds. These displacements may 


be 


of permanent nature or temporary which take 


place in presence of another species in the molecule. 
The acidity and basicity of organic compounds, their 
stability, their reactivity towards other substances, etc. 
can easily be predicted by considering such electronic 
displacements. 


Inductive Effect 


Q 


e 


This is a permanent effect operating in polar 
covalent bonds. The induction of a permanent 
dipole in a covalent bond bearing two unlike atoms 
of different electronegativities is referred to as the 
inductive effect. 


The development of partial +ve and -ve charges 
is due to the drift of the shared pair of electrons 
towards the more electronegative atom resulting 
in the origin of small fractional charges on the 
constituent atoms. 


When a carbon atom is bonded to a hydrogen 
(C - H) or another carbon (C - C) atom by a 
covalent bond such as in alkanes, the sharing of 
electron pair is symmetrical between them. 


| | 
—C—H or —C:H (Symmetrical sharing 
| of electron pair) 


| | |] 
—C—C— or —C:C— (Symmetrical sharing 
| | | 1 ofelectron pair) 
(Origin of fractional 
C—X or —C:X charges due to greater 
| electronegativity of X) 
The direction of displacement is shown by placing 
an arrow head midway along the line representing 
the sigma bond. 
6557 600 б ё 
Cy>C3>C,> Сү» CI 
The inductive effect of an atom or a group of 
atoms diminishes rapidly with distance. In fact, the 
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inductive effect is almost negligible beyond two 
carbon atoms from the active atom or group. 


Inductive effect does not involve actual transfer 
of electrons from one atom to another but merely 
helps in displacing them permanently. 

O Groups with -I effect : 

NO, > CN > COOH > F > Cl > Br > I > ОСН; 
> C6H5 
Decreasing order of - I effect —> 

O Groups with +I effect : 

(CH;)3C > (CH44CH > CH; > CH; > H 
Decreasing order of +I effect ——> 

The phenomenon of inductive effect is very 

important in organic chemistry as it is helpful in 

explaining a number of facts. 

O Reactivity of alkyl halides : The presence of 
halogen atoms in the molecule of alkyl halide 
creates a centre of low electron density which 
is readily attacked by the negatively charged 
reagents. 


5* 8 
CH, Cl or CH,—Cl 
Site for the attack of 
electron rich reagent 
O Dipole moment : As the inductive effect 
increases, the dipole moment increases. 
СН, >I CH, > Br CH, > Cl 
1.64 D 1.79 D 1.83 D 
Inductive effect increases 


O Relative acid strength of chloroacetic acids 
and acetic acid : 


Cl<CH,<C<O<H H,C—C—O—H 
[| [| 
Ө: ) un 
Chloroacetic acid Acetic acid 
pK, - 2.86 pK, = 4.76 
O O 
ad, 1] gy |i 
СН C<O~<~H CIC C¥O~H 
Cl С1Ё 
Dichloroacetic acid Trichloroacetic acid 
pK, = 1.25 pK, = 0.65 


The decreasing order of acid strength : 
Cl;CCOOH > Cl,CHCOOH > CICH;COOH 
> СНСООН 
Relative acid strength of formic acid and 
acetic acid : 
H,C> CO» H H-C—O—H 
pK, = 4.76 pK, = 3.77 
Methyl group has an electron releasing 
inductive effect (+I effect). Therefore acetic 
acid is a weaker acid than formic acid. 
Relative acid strength of fluoroacetic acid, 
chloroacetic acid, bromoacetic acid and 
iodoacetic acid : Halogenated acids are much 
stronger acids than the parent acid and the 
acidity increases almost proportionately with 
the increase in electronegativity of the halogen 
present which helps in repelling the proton 
from the hydroxy group of acid. 
FCH,COOH > CICH;COOH > BrCH;COOH 
> ICH,COOH 
- Since the inductive effect decreases with 
increase in distance of halogen atom from 
the carboxylic group, the strength of the 
acid is proportionally decreased. 


CH3CH;CH(CI)COOH > CH3;CH(Cl)CH,COOH 


a-Chlorobutyric acid B-Chlorobutyric acid 


> CH,(CI)CH,CH,COOH > CH4CH;CH;COOH 


y-Chlorobutyric acid n-Butyric acid 


O Relative reactivity of toluene (methylbenzene) 


and benzene in aromatic substitution 
reactions : Aromatic substitution reactions are 
generally electrophilic in nature. Methyl has an 
electron releasing inductive effect (+I effect). 
Therefore, toluene with higher electron density 
is more reactive than benzene in electrophilic 
substitution reactions. 


CH, 
Toluene Benzene 


(High electron density) 
(More reactive towards 
electrophilic substitution reactions) 


O Relative reactivity of nitrobenzene and 


benzene in electrophilicaromatic substitution 
reactions : 


NO, 


© 


Nitrobenzene (-I effect due to -NO,) Benzene 
(Lower electron density) 
(Less reactive towards electrophilic 
substitution reactions) 


O Relative acid strength of water, phenol 


and methyl alcohol : As compared to water, 
phenol is more acidic (-I effect) but methyl 
alcohol is less acidic (+I effect). 


OH > H—OH > CH3;>OH 
Phenol Water Methyl alcohol 


Strength of base : A compound is said to be 
basic in nature, if it is capable of accepting a 
proton. Base strength is defined as the tendency 
to donate an electron pair for sharing. The 
difference in base strength can be explained on 
the basis of inductive effect. 

- As compared to ammonia, methylamine is 
more basic (+I effect) while aniline is less 
basic and diphenylamine is a still weaker 
base (-1 effect). 

CH4NH, > NH; > C H4NH, > (С;Н;),МН 

- '[he decreasing order of base strength in 
alcohols is due to +I effect of alkyl groups. 


(CH;)3;COH > (CH;),CHOH > CH4CH;OH > CHOH 


3° 2° 1 methyl 
- Greater the tendency to donate electron pair 
for coordination with proton, more is the 
basic nature, i.e., more the negative charge 
on nitrogen atom (due to +I effect of alkyl 
group), higher is the basic strength. 


Thus, the basic nature decreases in the 


order, 

Alkyl group Relative basic strength 

CH, К,МН > RNH, > RjN > NH, 
CH; К,МН > RN > АМН, > NH; 


Relative stabilities of carbocations : 
(сн,),С> (CH,),CH > CH;CH, > CH, 
Reactivity of carbonyl compounds in 
nucleophilic addition reactions : +I group 
increases electron availability on carbonyl 
carbon. This therefore decreases the rate of 
nucleophilic addition. On the other hand, 
electron withdrawing -I effect decreases 
electron availability on carbonyl carbon and 
thereby increases the rate of nucleophilic 
addition. 
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i i i 
CCl,— C—H > H— C—H>H,C—C—H 
O 


[ 
> CH,— C—CH, 


Decreasing order of nucleophilic addition 


Q Inductive effect is also dependent on the difference 
in the state of hybridisation of the atoms linked by 
covalent bond. 

O Relative acidity of hydrocarbons may be given 
as: 
HC=CH > CH,= CH, > СН; CH, 

sp sp sp 

O Relative basicity of corresponding carbanions 
isas: 
CH, —CH, > CH; =CH > CH=C 

O The acid strength of acrylic acid 
(CH, = CHCOOH) is considerably higher 
than that of propionic acid (CH;CH,COOH) 
due to the electron withdrawing inductive 
effect of the sp’-hybridised carbon atom of the 
a,B-double bond even though the resonance 
effect of the o,f-unsaturated carbon system 
would tend to decrease the acid strength. 

Field Effect 

Q Inductive effect is a permanent effect in the ground 
state of the molecule and usually operates through 
single bonds. However, when the inductive effect is 
transmitted through space or solvent molecules, it 
is known as field effect. 

Q The two chlorine atoms in (I) and (II) exert the 


© 


same inductive effect with respect to the position of 
electrons associated with the —COOH group and 
consequently the two compounds should exhibit 
the same acid strength. 


CI Cl H 
Н 25 <a Cl < Н 
oNo™ oo 
pK, = 5.67 pK, = 6.07 


0 (Ш 
However, the two chlorine atoms in the molecule 
(I), being closer to the acid group as compared to 
(II), will exert greater electron withdrawing effect 
in (I) as compared to (II). Hence the isomer (I) is a 
stronger acid than (II). 
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Electromeric Effect 


Q ‘This is a temporary effect operating in unsaturated 
compounds only at the demand of a nearby reagent 
and as soon as this attacking reagent is removed, 
the original condition is restored. 


о It involves the complete transfer of m-electrons of 
multiple bond, because m-bonds are loosely held 
and easily polarisable. 


oan СУ. NA te 
BaF С O: 


Thus the complete transfer of shared pair of 
m-electrons of a multiple bond to the more 
electronegative atom of the bonded atoms due to 


the requirement of an attacking reagent is called 
electromeric effect (E-effect). 


о When the transfer of m-electrons takes place 
towards the attacking reagent (electrophile), the 
effect is called +E-effect. 


N CY " Nds. gi 
/С= CH —> C S 
H 


CH, > CH=CH, + Ht —> CH,—CH—CH, 
Propene 

о When the transfer of electrons takes place away 

from the attacking reagent, the effect is called 


—E-effect. 
28 hiar де ür 
CN 
i .._ + 
jo Ch Ae SO NC гу HU y 
slow ' / | * step (ii) 
CN fast 
N 
a —OH 
CN 


о When the I- and E-effect occur together in a 
molecule, they may be assisting or opposing 
each other. When they are opposing, the E-effect 
generally dominates over I-effect. 

Q Applications : 

о Electrophilic addition reactions of unsaturated 
compounds involve the polarisation of the 
carbon- carbon double bond in the presence of 
attacking electrophiles like H*. 


O Nucleophilic addition reactions of carbonyl 
compounds involve polarisation through 
electromeric effect of the carbon-oxygen double 
bond in the presence of a nucleophile. 

О Electrophilic substitution reactions of 
benzenoids involve polarisation through 
electromeric effect of the benzene ring when an 
electrophile (E*) approaches them. 


ces 3 OCH, 
Et, Е, 
Н Е 
+ у 
Cates :ОСН, OCH, 
т " H 
E. H E> E 
Hyperconjugation 


о Hyperconjugation is the stabilizing interaction that 


results from the interaction of the electrons in a 
sigma bond (usually C - H or C - C) with an adjacent 
empty or partially filled non-bonding m-orbital or 
antibonding p-orbital to give an extended molecular 
orbital that increases the stability of the system. 


Conjugateddieneslike 1,3-butadienehavebeenfound 
to be more stable than simple alkenes like 1-butene. 
This has been explained in terms of delocalization of 
m-electrons. 


Besides conjugation even alkyl groups bearing 
hydrogen on the carbon that is attached to doubly 
bonded carbon atoms tend to increase the stability 
of alkenes. 


Propene (CH; — CH = СН,) for example has been 
found to be more stable than ethene (CH, = CH3) 
by about 11 kJ/mole. 

This can be explained in terms of delocalization 
of electrons which takes place by the overlapping 
between a7-orbital of carbon anda o-orbital of the H 
of methyl group. Asa result of this overlapping, each 
pairofelectrons doesnotjustbindtogethertwo atoms 
i.e., the doubly bonded carbons or the carbon and 


hydrogen but all the four atoms. This delocalization 
which involves o-bond orbitals also, is referred to 
as hyperconjugation or б, 7--conjugation. 

The concept of hyperconjugation was developed 
on the basis of discovery of anomalous electron 
releasing pattern of alkyl groups. The inductive (41) 
effect of alkyl groups is normally in the following 
order : 


CH;a, CH;a, 
CH,><CH,>CH,>< | CH ><CH,> Cx 
CH,” CH, 


Baker and Nathan observed that when alkyl groups 
are attached to an unsaturated system, the order 
of inductive effect is disturbed and in some cases 
actually reversed. For example, the rate of reaction 
of p-alkyl benzyl bromide with pyridine was 
contrary to what was expected from the order of the 
inductive effect of the substituent alkyl group i.e., 
rate of the above reaction follows the order : 
methyl > ethyl > isopropyl > tert butyl. 


rt Scc + CHN— 
" 
к—( “Уон, kc + Bro 


This effect is known as Baker-Nathan effect. It is 
a permanent effect. In fact hyperconjugation is an 
extension of resonance. 


Resonance effect involves delocalization of 
-electrons of two or more conjugated double bonds 
while hyperconjugation involves delocalization of 
o-electrons. Hyperconjugation can be described as 
double bond - no bond resonance. 

Conjugation between the o-electrons of single 
bond and л-ејесігопѕ of multiple bond i.e., 
0,7-conjugation is known as hyperconjugation. 


о Hyperconjugation is of two types : 


O Sacrificial hyperconjugation : The essential 
condition is the attachment of alkyl group to 
double bond or triple bond. 


H H 
| | / | 
А кие. ог тосе 
н н 
Carbon atom of alkyl group attached to double 
bond must contain atleast one hydrogen atom 


in hyperconjugation. 
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H H 
| Су | p 
оң езе ur 
H Ht 
Ht và 
ЕЕ 
н H 
It involves a sort of sacrifice of bond. 


This kind of 
hyperconjugation involves no sacrifice of 


O Isovalent hyperconjugation : 


bonds. Ethyl radicals have the same number of 
real bonds as the classical structure. 


H H H* H H H 
F3 | | | 
ж а еа е c=" 
H H H H H il 
M 
H—C=C 
Ht H 


Significance of hyperconjugation : 


O Heat of hydrogenation : 
LONE RON T 
£ = ION +H, —> Ju CH, + E(kcal) 


Lesser the heat of hydrogenation, lesser is the 
internal energy and more is the stability of the 
system. Hyperconjugation decreases the heat of 


hydrogenation. 
CH4« ,H CH44 /СН, 
Ho NCH, Н “NH 


cis-2-Butene 
AH = 28.6 kcal/mol 
CH, =CH, 
Ethylene 
AH = 32.8 kcal/mol 


trans-2-Butene 
AH = 27.6 kcal/mol 
CH,— CH =CH, 
Propene 
AH = 30.1 kcal/mol 


cis-2-Butene is less stable than trans-2-butene 
due to repulsion between two bulkier groups 
close to each other. 

Greater the 
number of H-atoms present on the carbon 


O Stability of carbonium ions : 


atoms oto unsaturation, more are the resonating 
forms possible due to hyperconjugation and 
thus greater is the stability of carbonium ion. 
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О Bond length Hyperconjugation, like 
conjugation and resonance, also affects bond 
length. 


nr H* 
H— С1снасн,«—эн-с=сн- ён, 
H 1.353 А H 


Bond length in propene is 1.46 A in contrast 
to normal 1.54 A (in propane). It is due to the 
partial double bond character acquired and 
hence a little shorter. 

O Dipole moment : Since hyperconjugation 
causes the development of charges, it also 
affects the dipole moment in the molecule. 


ЖОЕ. А 
CN 

H—C=0O H— cx cut O<—> H— ee О 
н н 

и= 2.27 р u = 2.72 р 


O Ortho-para directing property of methyl group 
in toluene is partly due to +I effect and partly 
due to hyperconjugation. 


H H H H 


Resonance Effect 


Q The concept of resonance pertains to the fact that 


there are a number of compounds which could be 
assigned two or more Lewis structures, differing 
only in the relative position of electrons. However, 
the actual properties of the substance are not 
represented by any of these structures but by a 
structure which is a ‘blend’ or ‘hybrid’ of various 
contributing structures. For example, the following 
three Lewis structures can be written for the 
carbonate anion. 

i ie i 

C «—» C <> С 

Co Шош. ду 39 

These structures reveal that the carbonate anion 
contains two carbon-oxygen single bonds and one 
carbon-oxygen double bond but neither of these 
predictions is consistent with the observation that 


all the C - О bonds in carbonate anion are of equal 
length (1.30 À). 

If single and double bonds are present alternatively 
in a molecule (in case of conjugated system) then 
m-electrons are delocalized i.e., electrons can flow 
from one part to another part of the system. This 
flow of electrons is due to resonance and it results 
in polarity of the system. 


cu Loi e s —CH, th, —CH-—CH— CH, 


This effect is called mesomeric effect and is 
transmitted throughout the chain. This is also a 
permanent effect like inductive effect. 

Resonance effect is of two types : 

O +M or +R effect : The groups which donate the 
electrons to the double bond or to a conjugated 
system are said to have +M effect or +R effect. 
e.g, - OH, - OR, - NHR, - NR;, - Cl, - Br, -1, 
etc. 

O -M or -R effect : The groups which withdraw 
the electrons from the double bond or from a 


conjugated system towards themselves are said 
to have —M effect or -R effect. e.g., %с=0; 
СНО, —CN, —NO,, —COOR, etc. 


The term mesomerism is used synonymously with 


resonance. Molecule showing resonance involves 
overlap of p-orbitals in both directions and there is 
participation of each p-electron in more than one 
bond. In other words resonance and delocalization 
are used often in the same sense. 


Resonance energy : Resonance hybrid is more 
stable than any single discrete structure. This can 
be explained in terms of energy of stabilization 
known as resonance energy. The resonance energy 
is calculated from the difference between the 
theoretical and experimental heats of hydrogenation 
of the compound. 


+ 208.3 kJ/mol 
+3H,—> J/mole 
(observed value) 
Q + H, 5 Q + 119.6 kJ/mole 
(observed value) 
© + 2H ——» Q + 232.6 kJ/mole 
(observed value) 


Cyclohexane 


The main postulates of resonance theory are : 

O Resonating structures should differ only in 
the position of electrons, not in the position of 
atoms. 

O Resonating structures should have the same 
number of unpaired electrons. 

O Greater the stability of a contributing structure, 
greater is its contribution to the hybrid. 

O Smaller the difference in the energy contents 
(or stabilities) of the contributing structures, 
greater is the resonance energy of that hybrid. 

O The polar contributing structures involving 
distinct charges, are less stable (and hence less 
important) than those which do not involve 
any charges. 

O Greater the number of contributing structures, 
greater is the stability. 

O Larger the number of bonds in a contributing 
structure, greater is the stability of that 
structure. 

O All the atoms should have octet of electrons 
except hydrogen which has duplet. The 
resonance structures which violate octet rule, 
should not be considered. 

O Theskeleton ofthe molecule should be planar in 
conjugated system which is necessary in order 
to achieve maximum overlap of p-orbitals. Any 
structural feature that destroys coplanarity 
of the conjugated system inhibits resonance. 
This inhibition is known as steric inhibition of 
resonance. 

O In resonance hybrid, the bond lengths are 
different from those in the contributing 
structures. 

O No.ofm-bonds œ No. of contributing structures 

œ Resonance energy ec Stability 


Q Applications: 


O By knowing the resonating structures, we can 
get bond order in a given ion as : 
Total no. of bonds 
Total no. of resonating structures 


Bond order = 


O Resonating structures of dienes : 
CH, =CH E CH, 
«— CH, =CH— CH- CH, 
(II) 


<—>CH,— CHZ CH — CH, 
(Ш) 
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The contributing structures (II) and (III) 
provide a satisfactory explanation for 1,2 and 
1,4 addition and stability of conjugated dienes 
over simple alkenes. 

All the carbon-carbon bonds in benzene are 
equivalent, (there are no true single and double 
bonds as expected from the contributing 
structures) having exactly the same length 
(139 pm). 


Q-Q 
(I) (II) (Ш) 


Besides this, benzene has large resonance 
energy (151 kJ/mole) and hence stability is 
expected for this system. 

The lower pK, values of nitromethane and 
acetyl acetone are simply because of resonance 
stabilisation of their conjugate bases. 


о 

= t4 + 

:CH,— NZ 4 
N 


Resonance stabilised conjugate base of nitromethane 
The acidity of carboxyl group is primarily 
because of ease of proton release and later, the 


conjugate base carboxylate ion, is stabilised by 
forming two equivalent contributing forms. 


20: ag y: 49 

EGO .. 4 R=CS RU 
Resonance 
hybrid 
O—H Q'—H 

LS VA 
RAC tn, 

“6 Q: 


Acidity of  o-hydrogen in carbonyl 
compounds : This is due to the resonance 
stabilisation of resulting carbanions. 


О: :О: 
а „| LI || 
—C—C——> -C«xC—«——C-—C- 
| X 


H Carbanion 
(Resonance stabilised) 


Stability of triphenylmethyl cation : Its 
stability is due to the extensive delocalisation of 
the positive charge. 
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O Acidic character of phenols : Phenol is a 


weak acid. The acidic nature of phenol is due 

to the formation of stable phenoxide ion in 

solution. 

СНОН + H,O == C,H5;O* + H,0* 
Phenoxide ion 


Phenoxide ion is stable due to resonance. 


NE 
d 


9-6 


Тһе negative charge is spread throughout the 
benzene ring. This charge delocalization is a 
stabilizing factor in the phenoxide ion and 
increased acidity of phenol. No resonance is 
possible in alkoxide ions (RO ) derived from 
alcohols. The negative charge is localized on 
oxygen atom. Thus, alcohols are less acidic than 
phenols. 

Effect of substituents on the acidity of 
phenols : Presence of electron attracting 
group (- NO;, -NR3, - CN, - CHO, - COOH) 
on the benzene ring increases the acidity of 


phenol. Nitro group in nitro phenol if present 
in ortho and para positions would stabilise the 
phenoxide ion by dispersal of negative charge 
through resonance or mesomeric effect, to 
a greater extent and will be more acidic than 
phenol. 

Base weakening effect of amines : In case of 
aryl amines, resonance effect comes into play. 
Aniline, for example is a resonance hybrid of 


structures I to V. 


(I), CY 


Aniline is far less weaker base than aliphatic 


amines, primarily due to its resonance 
stabilization and secondarily, the anilinium 
cation loses the stabilization because of 
protonation. Electron withdrawing groups 
like 


with respect to aniline will further weaken the 


—NO, when present at o- or p- position 


basic character of aniline. e.g., p-nitroaniline 
is a weaker base than aniline. The extra base 
weakening effect when nitro is in the o-position, 
is primarily due to short distance (-I effect 
assisting the resonance), and secondarily, 
because of direct interaction (both steric and 
hydrogen bonding). Thus, o-nitroaniline is 
such a weak base that its salts are largely 
hydrolysed in aqueous solution. 

In contrast to amines, the amides and imides 
are much less basic because of the resonance 
stabilisation of the molecules. It is practically 
difficult to protonate an imide. 


8- 
ux Су ZO 
—C=Q: «—H, N=c= Q: :<—>R— A 
| | "NH, 
R R dt 
Resonance hybrid 


(acid amide) 


i Ж 
C С. 
N Он, bs 

мН М|+ H,O 

| | 

phthalimide 
О О 
_ ғ 
Pp. N N 

Oo О 


Resonance Effect vs Inductive Effect 


Both аге but 
significant differences between the two which are 


permanent effects, there are 


outlined below : 
Resonance effect operates in unsaturated (preferably 
one with a conjugated system) compounds while 
inductive effect operates in compounds containing 
o-bonds. In other words, r-electrons are involved in 
resonance effect but only o-electrons are involved in 
inductive effect. 


о Inductive effect is distance dependent (its 
intensity decreases sharply with distance from the 
crucial atom in the chain) while resonance effect is 


not. 


о Resonance effect involves delocalisation ofelectrons, 
but there is no such delocalisation in compounds 
showing inductive effect. 


Directive or Orientation Effect 

The substituent already present on the benzene ring 

directs the incoming substituent to occupy, (2 or 6) 

ortho, meta (3 or 5) or para (4) position. This direction 

depends on the nature of the first substituent and is 
called directive or the orientation effect. 

Q Class I: (o, p-directing groups) : - R(alkyl), -OH, 

SH, -NH,, -OR, -NHR, -NR», -NHCOR, -Cl, 
-Br, -I, -CH,Cl, -CH,OH, -СН,МН,, -CH;CN, 
-CH,COOH, -CH = СН», -CH = CHCOOH, 
-C.H;, -N = N, -NC, etc. 

Q Class II : (m-directing groups) : –50;Н, -NO,, 
-CHO, -COOH, -CN, -NH4Cl, -SO,Cl, -COCI, 
-COOR, -COR, -CCl;, —NH;, - NH,R, - NR, 
etc. 


АП ortho, para-directing substituents possess 
atleast one non-bonding electron pair on the 'key 
atom 


Cl:,-Br:, -ÓH, -OCH,,-NH, 


The only exception to the above rule is the methyl 
or alkyl group. 

Q Theory of directive effects : The resonance theory 
clearly explains why certain substituents are ortho- 
para directing, while others are meta directing. 
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О ortho-para Directing : The non-bonding electron 
pair of the key atom of the substituent is delocalized 
on the ring by interaction with the t-system due 
to which ortho and para positions attain greater 
electron density and the electrophile (E^) would 
naturally attack at these electron rich centres 
forming ortho and para isomers. ortho-para 

Directing groups activate the benzene ring towards 

electrophilic substitution while meta directing 

groups deactivate the benzene nucleus towards 
electrophilic substitution. 


F, -Cl, -Br and -I (halogens) are exceptions to the 
above rule. These groups are o-, p- directing but 
deactivate the ring. 


б+ 
oN 
Sod N 
+E*— 5 


— 


о meta-Directing 


0- Qr 
"m 
The 
electrons from ortho and para-positions. Thus, 


substituent withdraws 


m-position becomes a point of relatively high 
electron density and further substitution by 
electrophile occurs at meta-position. 

Any substituent or group which releases (donates) 
electrons into the ring (i.e., o, p-directing) activates 
the benzene ring for further substitution. The 
substituentwhich withdrawselectrons (m-directing) 
from the ring deactivates the benzene ring for 
further substitution. 

In case of halogen -I effect predominates resonance 
effect. 
-NO; 
withdrawing), its mechanism can be explained as 


group is  meta-directing (electron 


“О Co "O Oo СО O7 
“2 NV “ү 
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All meta-directing groups have either a partial 
positive charge or a full positive charge on the atom 
directly attached to the ring. 


Introduction of a Third Substituent into Benzene 

Ring 

The position occupied by a third substituent group 

entering the benzene ring is mainly decided by the 

nature ofthe two groups already present on the benzene 
ring. 

о When both groups are (o-, p-directing) then the 
directive influence of each group is in the following 
order : 

O` > NR, > NH, > OH > OMe > 

NHCOCH; > CH; > X 
The new group enters p-position preferably with 
respect to more powerful group. 
In case the p-position is blocked, the third group 
enters the position ortho to the more powerful 
group. 

о When both groups are meta-directing the third 
group is accomodated according to the following 
order : 

Me3N* > NO; > CN > SO3H > CHO > COMe > COOH 
The new substituent occupies meta-position with 
respect to the more powerful group. 

о When two groups exert different directive influence 
then o, p-directors take precedence. 


© 


oo Cy smaller quantity 


Qr quantity 


О In case the influence of two groups reinforce each 
other, the third group is attached to one position, 
only. 


WCG 
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Ideal Solution 
An ideal solution is defined as a mixture in which the 
molecules of different species are indistinguishable. 
Unlike the ideal gas, they exert forces on each 
other. When these forces are same for all molecules, 
independent of species, then a solution is said to be 
ideal. In an ideal solution, the equilibrium between the 
solution concentration and the vapour phase partial 
pressure is described by Raoult’s law for each component. 
This means each component follows Raoult’s law in the 
entire range of concentrations. Note that ideally dilute 
solution is different than ideal solution. In the ideally 
dilute solution the solute follows Henrys law and 
solvent the Raoults law but in the ideal solution both 
solvent and the solute follow Raoults law. Ideally dilute 
solutions are easily found but ideal solutions are only 
nearly achieved. Substances with similar molecules 
usually form nearly ideal solutions. Toluene-benzene, 
ethylene dibromide-propylene dibromide, carbon 
tetrachloride-silicon tetrachloride, ethyl chloride-ethyl 
bromide are such examples. 
Mathematically, 

Pr= РАХА PBXB 
where the terms р^ and рр are vapour pressures of the 
pure components ‘A’ and ‘B’ respectively. x4 and xg 
are the mole fractions of components 'A' and 'B' in the 
liquid phase. 
Consider a specific example of a solution of benzene 
and toluene. 


Total vapour 
pressure 


Vapour pressure 
of pure benzene 


Vapour pressure 
of pure toluene 


Mole fraction of 
toluene is 1 here at 
the origin 


TEN Mole fraction of 
ole fraction -> benzene is 1 here 
The partial vapour pressure of benzene and toluene in a solution. 
The graph is not to scale but showing at least benzene is more 
volatile than toluene. 


ee 
4^ ADVANCED 
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Thermodynamics of Ideal Solution 
For an ideal solution, state variables such as V, U, 
H and G are obtained by adding the corresponding 
contributions of solvent ‘A’ and solute ‘B’. 
For example, the volume 

Vap= ПА Vm, A + ng Vs 
where V, 4 and У в are the molar volumes of ‘A’ 
and ‘B’ respectively. For an ideal solution at constant 
T and P, the mixing quantities behave as follows : 

AmixG 7 RTXnjnx;, Amixs = -КУп; In x; 


1 


mix 
And, AmixV = 0, NN. =0 
The value of ^,,4G is actually the value of G for the 
solution relative to the pure component. Physically 
AmixH = 0 means no heat is lost or gained by the system 
when two components of the solution interact. In other 
words, the strength of forces between ‘A’ and ‘P’ is 
almost of same strength as A-A and B-B. 


Total Vapour Pressure versus Composition 
Since total mole fraction of both the components taken 
together is one, the expression for the total vapour 
pressure can be written as : 

Рг= рв + (ра -Pa)Xa 
So the plot of the total vapour pressure against mole 
fraction of component ‘A’ in liquid phase gives a 
straight line graph with intercept as the vapour 
pressure of pure component 'B' and slope of the line as 
(pA - Рв). 
It is very natural that during the evaporation, 
the more volatile component will pass into the 
vapour phase preferentially. Therefore, the vapour 
phase composition is different than the liquid phase 
composition and the vapour phase composition can 
be obtained with the help of Dalton’s law of partial 
pressure. 
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= PA. ХАРА 
Рг ppt+(Pa-Pp)xa 


To express the total vapour pressure in terms 


JA 


of composition of vapour phase, the above equation 


is rearranged to get an expression of x4 in terms 


of y4. 


o 
"em JAPB 
A = o o o 
Рд +(рв – PA)yA 
Substituting this value of x4 in the expression of total 
pressure, 


Pr=pp + (pa - PB)XA 


YaPp 
РА +(рв = PAYA 


ољ P = pg +(Pa-Pp)* 


PBPA 
РА +(Рв—РАд)УА 


or Pr = 


. o o 
So assuming рд < Pp 


P5 PB 
РА РА 
Уй ze 1 WE ux 1 
1 <a A 1 << — — ХА 


Diagram of total vapour 
pressure versus vapour 
phase composition 


Diagram of total vapour 
pressure versus liquid 
phase composition 


These plots straightaway follow from the mathematical 
equations showing the dependence of total vapour 


(left 
diagram) and on liquid phase composition (right one). 


pressure on vapour phase composition 
When the two diagrams are superimposed, diagram 
as shown is obtained. Here the x-axis is showing 
amount fraction. For linear line it is the liquid phase 
composition (line is called liquidus or the bubble point 
line) and for the other one - it is the vapour phase 
composition (line is called vapourous or the dew 
point line). Note that all these diagrams are at constant 


temperature. 


© 
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Liquid composition 


Liquid-vapour 
equilibrium 


Amount fraction 


Pure A Pure B 


From the diagram, the conclusions are : 

O Ifthe system pressure (may be the pressure created 
by the piston of the cylinder in which the liquid is 
kept) is more than maximum pressure, only liquid 
phase exists. 

O If the system pressure is less than minimum 
pressure, only vapour phase exists. 

O Ifthe system pressure is in between, then a liquid- 
vapour equilibrium is observed. 


Boiling Point versus Composition 

For an ideal solution, the graph of boiling point versus 
amount fraction is shown. The liquid having higher 
vapour pressure has the lower boiling point. Since ‘B’ 
is more volatile than ‘A’ the boiling point of the former 
is less. One more notable point is the position of lines 
and their curve like nature. None of the line is a straight 
line and it immediately follows from their mathematical 
equations. Also the vapourous curve called as ‘the dew 
point line’ is on the top and the liquidus line called 
‘the bubble point line’ is at the bottom. 


The dew point line 


Ты ол The bubble 
point line 


M L 


The significance of the diagram can be easily realized. 
For a solution whose composition is shown by point 
‘L, the boiling point would be ‘Tr. The vapours coming 
out would have composition shown by point ‘M. When 
these vapours are condensed, the resulting liquid would 
have boiling point “Ту. By repeating this process again 
and again, the more volatile component ‘B’ can be 
obtained from vapours and less one from the residual 
liquid. 

ee 
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Here, the references of few are given : 


We are happy to inform our readers that out of the 45 questions asked in AIPMT 2015, 
many questions were either exactly same or of similar type from the MTG Books. 


Exam Q. No. MTG Book Q. No. P. No. Exam Q. No. MTG Book Q. No. P. No. 
1 27 years AIPMT 48 26 18 27 years AIPMT 4 113 
2 27 years AIPMT 20 184 19 NCERT Fingertips 42 126 
4 27 years AIPMT 28 140 30 AIPMT Guide 195 278 
5 NCERT Fingertips 56 337 31 27 years AIPMT 32 25 
9 27 years AIPMT 2 162 32 27 years AIPMT 15 88 
11 Objective Chemistry 2 148 37 Objective Chemistry 1 871 
12 27 years AIPMT 43 123 43 27 years AIPMT 11 9 
and more such questions ...... 
1. Which of the following pairs ofions are isoelectronic The activation energy of a reaction can be 


and isostructural? 
(а) SO}, МО; 
(с) COZ, SOF 


The reaction, 


(b) ClO; , $027 
(d) ClO;, CO?” 


p 
CH3~C—ONa + CHCC === 
CH) CH; 
| 
CH3;—C—O—CH,—CH3 
is called Сн, 


(a) Etard reaction 

(b) Gattermann-Koch reaction 

(c) Williamson synthesis 

(d) Williamson continuous etherification process. 


The boiling point of 0.2 mol kg ! solution of X in 

water is greater than equimolal solution of Y in 

water. Which one of the following statements is true 

in this case? 

(a) Molecular mass of X is less than the molecular 
mass of Y. 

(b) Y is undergoing dissociation in water while 
X undergoes no change. 

(c) X is undergoing dissociation in water. 

(d) Molecular mass of X is greater than the 
molecular mass of Y. 


determined from the slope of which of the following 
graphs? 


(b) Ink ` 


(a) Ink vs. E T 


Ink 
(c) Ink vs. Т (d) UT 
Biodegradable polymer which can be produced 
from glycine and aminocaproic acid is 
(a) buna-N (b) nylon 6,6 
(c) nylon 2-nylon 6 (d) PHBV. 


A single compound of the structure, 
(m; CH; 


is obtainable from ozonolysis of which of the 
following cyclic compounds? 


H3C СН, 


(a) cS (b) eu, 
3 

HAC H3C 
© Dc, ® I2 


H3C 
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10. 


11. 


12. 


13. 


14. 


ө 


The K, of Ag;CrO, AgCl, AgBr апа AgI аге 
respectively, 1.1 x 107. 1.8 x 10719, 5.0 x 10°, 
8.3 x 10 7. Which one of the following salts will 
precipitate last if AgNO; solution is added to the 
solution containing equal moles of NaCl, NaBr, Nal 
and Na,CrO,? 

(a) AgBr (b) Ag;CrO, 

(c) Agl (d) AgCl 

The correct bond order in the following species is 
(a) Озеро (b) О;<О7< 02 

(с) 0. 205205: (d) O2t <O; <0} 
Magnetic moment 2.84 B.M. is given by : 


(At. nos. Ni = 28, Ti = 22, Cr = 24, Co = 27) 
(a) Cr** (b) Co?* 
(c) Ni?* (d) Ti?* 


The number of d-electrons in Fe?* (Z = 26) is not 
equal to the number of electrons in which one of 
the following? 

(a) d-electrons in Fe (Z = 26) 

(b) p-electrons in Ne (Z = 10) 

(c) s-electrons in Mg (Z = 12) 

(d) p-electrons in Cl (Z = 17) 


Which of the following options represents the 
correct bond order? 

(a) 03 > O, < O3 (b) O3 < O, > O3 

(c) 03> 0, > 0; (d) O3 < O, < O} 


Which one ofthe following electrolytes has the same 
value of vant Hoff factor (i) as that of Al,(SO,)3 
(if all are 100% ionised)? 

(a) A(NO;); (b) KiFe(CN)g] 

(c) К,504 (d) K3[Fe(CN)¢] 


"Metals are usually not found as nitrates in their 
ores.” 

Out of the following two (I and II) reasons which is/ 
are true for the above observation? 

I. Metal nitrates are highly unstable. 

II. Metal nitrates are highly soluble in water. 

(a) Lis false but II is true. 

(b) Iis true but II is false. 

(c) IandIIare true. 

(d) IandII are false. 


Treatment of cyclopentanone О with methyl 


lithium gives which of the following species? 
(a) Cyclopentanonyl radical 

(b) Cyclopentanonyl biradical 

(c) Cyclopentanonyl anion 

(d) Cyclopentanonyl cation 
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15. 


16. 


Т2, 


18. 


19. 


20. 


21. 


22. 


The function of “Sodium pump” is a biological 
process operating in each and every cell of all 
animals. Which of the following biologically 
important ions is also a constituent of this pump? 
(a) K* (b) Fe** 

(c) Ca” (d) Mg?* 


The total number of m-bond electrons in the 
following structure is 


H3C HH H 
нс y 4. N^CHs 
H,C H CH; 
(a) 12 (b) 16 
(c) 4 (d) 8 


When initial concentration of a reactant is doubled 
in a reaction, its half-life period is not affected. The 
order of the reaction is 


(a) second 
(b) more than zero but less than first 
(c) zero (d) first. 


A given metal crystallises out with a cubic structure 
having edge length of 361 pm. If there are four 
metal atoms in one unit cell, what is the radius of 
one atom? 

(a) 80 pm (b) 108 pm 

(c) 40 pm (d) 127 pm 


Which of the following statements is correct for a 
reversible process in a state of equilibrium? 

(a) AG? = -2.30 RT log К 

(b) AG? = 2.30 RT log К 

(c) AG = -2.30 RT log К 

(d) AG = 2.30 RT log K 


A mixture of gases contains H, and О» gases in the 
ratio of 1 : 4 (w/w). What is the molar ratio of the 
two gases in the mixture? 

(a) 16:1 (b) 2:1 

(c) 1:4 (d) 4:1 


Cobalt (III) chloride forms several octahedral 
complexes with ammonia. Which of the following 
will not give test for chloride ions with silver nitrate 
at 25°C? 

(a) CoCI4:5NH5 (b) CoCl;-6NH, 

(c) CoCl;-3NH, (d) CoCl,-4NH, 


If the value of equilibrium constant for a particular 
reaction is 1.6 x 10", then at equilibrium the system 
will contain 

(a) mostly products 

(b) similar amounts of reactants and products 

(c) all reactants (d) mostly reactants. 


23. 


24. 


25. 


26. 


27. 


28. 
H3C CH, HC 


29. 


Which of the following species contains equal 
number of o- and л-Бопаѕ? 

(a) (CN), (b) CH,(CN), 

(с) НСО; (d) XeO, 


Which of these statements about [Co(CN)4]? ~ is 

true? 

(a) [Co(CN)g]" has four unpaired electrons and 
will be in a high-spin configuration. 

(b) [Co(CN)4]? ~ has no unpaired electrons and will 
be in a high-spin configuration. 

(c) [Co(CN)4]? ~ has no unpaired electrons and will 
be in a low-spin configuration. 

(d) [Co(CN)g" has four unpaired electrons and 
will be in a low-spin configuration. 


An organic compound X’ having molecular formula 
C;H9O yields phenylhydrazone and gives negative 
response to the iodoform test and Tollens’ test. It 
produces n-pentane on reduction. X’ could be 

(a) 3-pentanone (b) n-amyl alcohol 

(c) pentanal (d) 2-pentanone. 


СН» 
ott oe 
СН» 
О О О 
(I) (1I) (Ш) 
Which of the given compounds can exhibit 
tautomerism? 
(a) IL and III (b) I, II and III 
(c) I and II (d) I and III 


Bithional is generally added to the soaps as an 
additive to function as a/an 

(a) buffering agent (b) antiseptic 

(c) softener (d) dryer. 


CH; CH; CH, 

@ (II) (II) 
The enthalpy of hydrogenation of these compounds 
will be in the order as 
(a) П>Ш>1 
(c) I» I 5 III 


Given : 
СНз CH; 


Given : 


(b) II» I5 III 
(d) III» II» I 


Which of the following is the most correct electron 
displacement for a nucleophilic reaction to take 
place? 


30. 


31. 


32. 


33. 


34. 


35. 


H H5 

(a) HCC ECSC 
H Н, 

(b) њс+с=с=0-а 
Н; 

(c) Hyc>C=C—C“CP 
D H 

S 


(d) H;C*C=C—C 
H 


Solubility of the alkaline earth metal sulphates in 
water decreases in the sequence 

(a) Sr» Ca» Mg» Ba(b) Ba» Mg» Sr» Ca 

(c Mg» Ca» Sr» Ba(d) Ca» Sr» Ba» Mg 


Maximum bond angle at nitrogen is present in 
which of the following? 

(a) NOj (b) NO; 

(c) NO; (d) МО; 


In Dumas method for estimation of nitrogen, 0.25 g of 
anorganic compound gave 40 mL ofnitrogen collected 
at 300 K temperature and 725 mm pressure. If the 
aqueous tension at 300 K is 25 mm, the percentage of 
nitrogen in the compound is 

(a) 16.76 (b) 15.76 

(c) 17.36 (d) 18.20 


Nitrogen dioxide and sulphur dioxide have some 
properties in common. Which property is shown 
by one of these compounds, but not by the other? 
(a) Is soluble in water. 

(b) Is used as a food preservative. 

(c) Forms 'acid-rain: 

(d) Is a reducing agent. 


The reaction of C;H4CH—CHCH, with HBr 
produces 


CH=CHCH, 
(а) CsH;CH,CH,CH,Br (b) 
Br 
(c) CoHsGHCHCHs (d) ec 
Br Br 


Which of the following processes does not involve 

oxidation of iron? 

(a) Formation of Fe(CO), from Fe. 

(b) Liberation of H, from steam by iron at high 
temperature. 

(c) Rusting of iron sheets. 

(d) Decolourisation of blue CuSO, solution by 
iron. 
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36. 


37. 


38. 


39. 


40. 


41. 


42. 


43. 


44, 


o 


Which of them is not equal to zero for an ideal 
solution? 

(a) AVinix (b) AP = Pobserved — PRaoult 
(с) AA mix (d) А5, 


Because of lanthanoid contraction, which of the 
following pairs of elements have nearly same atomic 
radii? (Numbers in the parenthesis are atomic 
numbers) 

(a) Zr(40) and Hf(72) (b) Zr(40) and Ta(73) 

(c) Ti(22) and Zr(40) (d) Zr(40) and Nb(41) 


Which property of colloidal solution is independent 
of charge on the colloidal particles? 

(a) Electro-osmosis (b) Tyndall effect 

(c) Coagulation (d) Electrophoresis 


The electrolytic reduction of nitrobenzene in 
strongly acidic medium produces 

(a) azobenzene (b) aniline 

(c) p-aminophenol (d) azoxybenzene. 


Consider the following compounds : 


e | 
cm-c-en-( S Ph—C—Ph Gr 
CH; 


(1) (IT) 
Hyperconjugation occurs in 
(a) IIL only (b) I and III 
(с) I only (d) II only. 


The enolic form of ethyl acetoacetate as shown 
below has 


(Ш) 


H Н, 
H3C.. Ze ZO c HC. AS 2° 
T ` 1 | 
он осн; о осн; 


(а) 9 sigma bonds and 2 pi-bonds 
(b) 9 sigma bonds and 1 pi-bond 
(c) 18 sigma bonds and 2 pi-bonds 
(d) 16 sigma bonds and 1 pi-bond. 


The species Ar, K* and Ca?* contain the same 
number of electrons. In which order do their radii 
increase? 

(a) Ca?*«K*«Ar (b) K'«Ar« Ca?* 

(с) Ar«K*« Ca^ (d) Caà?* < Ar« K* 


The angular momentum of electron in ‘d’ orbital is 
equal to 

(а) 2V3h (b) 0л 

(с) Von (d) V2A 

A device that converts energy of combustion of fuels 


like hydrogen and methane, directly into electrical 
energy is known as 
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(a) dynamo (b) Ni-Cd cell 
(c) fuel cell (d) electrolytic cell. 


45. In which of the following compounds, the C—Cl bond 
ionisation shall give most stable carbonium ion? 


H 
N H 
CH—Cl *c-a 
(a) C$ (b) O,NH,C’ H 
H3C 
ENS: с-а 
(c) ,Cc-ad (d) Н.си 
Te 3 CH; 
SOLUTIONS 
1. (b): 
Species | Hybridisation | Shape No. of e's 
SO sp? Pyramidal 42 
ClO; sp? Pyramidal 42 
COS "m. Triangular 32 
Р planar 
NO; 2 Triangular 32 
sp 
planar 


2. (c): Williamson synthesis is the best method for 
the preparation of ethers. 

3. (c) : AT, = iKp т 
For equimolal solutions, elevation in boiling point 
will be higher if solution undergoes dissociation 
i&,i»]l. 


4. (a): According to Arrhenius equation, 
k= Ag FalRT 


E 
Ink zlnA- = 
RT 


Ea 
Hence, if In k is рк Slope = R 
plotted against 1/T, 
slope of the line will 
E 
be cx. > 
EE" VT 
5. (c): nH,N—CH,—COOH + nH,N—(CH,);-COOH 
Glycine Aminocaproic acid 
> HN—CH,—CO—NH—(CH,);—CO}, 
Nylon 2-nylon 6 
6. (c): H4C (i) O 
(ii) Zn/H,O 
m фы 
OHC CH C 
“CHS ен CO 


10. 


11. 


12. 


13. 


14. 


15. 
16. 


17. 


(b): 
Salt Ks Solubility 
AgjCrO, | 11x10? K _ 
LAS 15= 0—2 =0.65х10 ^ 
= 4 
AgCl | 1.8x 107! -5 
8 х2 s= [Ky =1.34х10 
AgBr 5x 10713 _ Е -6 
ЌЕ з= |К, =0.71х10 
AgI 8.3 x 1077 -8 
8 t2 з= |К, =0.9х10 


*- Solubility of Ag;CrO, is highest thus, it will be 
precipitated at last. 

®: О; O, О; OY 

B.O.: 15 20 25 30 

(c) : Magnetic moment (u) = Jn(n--2) 


2.84 B.M. corresponds to 2 unpaired electrons. 


Cr^ - 3d',4unpaired electrons 
Co^* - 3d’,3 unpaired electrons 
Ма?” - 34°, 2 unpaired electrons 
Tr’ 2 3451 unpaired electron 


(d): Number of d-electrons is Fe?” = 6 
Number of p-electrons in СІ = 11 

(d: O;«0,«0j 

B.O.:1.5 20 25 

(b): Al,(SO,)3 —> 2AP* + 3802, і= 5 
АКМО); —> АР? + 3NO3, i- 4 
K,[Fe(CN),] —9 4K* + [Fe(CN),]*, i=5 
K,SO, —> 2K* + SOZ, i=3 

K3[Fe(CN),] —> 3K* + [Fe(CN),]*, i = 4 


(a) : All nitrates are soluble in water and are quite 
stable as they do not decompose easily on heating. 


O 
кү 
(c): LitCH, +( у 5 


Cyclopentanonyl 
anion 


HO CH, 


(a) 

(d): There are four double bonds. Hence, no. of 
m-electrons = 2 x 4 = 8. 

(d): Half life period of a first order reaction is 
independent of initial concentration, 


0.693 
fy» EM 


18. 


19. 


20. 


2], 


22, 


23. 


24. 


25. 


(d): Z = 4, i.e., structure is fcc. 


1 
Hence, r= Е а8 = 127.65 pm =127 pm 


242 242 
(а) 
(d): Number of moles of H, = ; 


4 
Number of moles of O, = 25 


1 4 
Hence, molar ratio = —:— =4:1 

2 32 
(c): For octahedral complexes, coordination 
number is 6. 


Hence, CoCl3-3NH; ie, [Co(NH3)3Cl;] will not 
іопіѕе and will not give test for СІ ion with silver 
nitrate. 

(a) : The value of K is high which means reaction 
proceeds almost to completion i.e., the system will 
contain mostly products. 


H 
| 
(d): CH,(CN),, МЕС 0 =N (60+47) 
H 
О 
HCO}, O=C_ (40+17) 
O—H 
О 
i 
e 
XeO,, o^l o  (4o«4m) 
O 
(CN)5, N=C—C=N (30+47) 


(c): [Co(CN),]*, oxidation no. of Co = +3 

Co?* = 3d° 

As CN isa strong field ligand, so all electrons will be 
paired up and complex will be low spin complex. 


(а): Compound ‘X’ yields phenylhydrazone 
O 


|| 
= —C— group. 
i 
Negative iodoform test = СН+— С— group is absent. 
Negative Tollens' test = ketone 
Hence, the compound is 3-pentanone. 


|| : 
CECH: C= CHCH sl 
3-Pentanone 
(СУН 0) CH3CH,CH,CH,CH; 
n-Pentane 
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26. 


27. 
28. 


29. 


30. 


31. 


32. 


© 


(b): In keto-enol tautomerism, 


HC. СН, HC, CH; 
O 
here, 0-Н p аре, | 


(II) С T 


here, a participates. 
H „H 


(Ш) В CH; = CH; 
a CH; CH 
So OH 


here, y-H participates (p-tautomerism). 
(b) 

(d): Enthalpy of hydrogenation is 
proportional to the stability of alkenes. 
Stability of alkenes : I > II > III 
Enthalpy of hydrogenation : I < II < III 


inversely 


(a) : Nucleophile will attack a stable carbocation 
($41 reaction). 


Low сн, э H3C> CH—CH=CH, 


(Stable due to +I effect 
of -CH, group) 
(c) : Solubility of alkaline earth metal sulphates 
decreases down the group because hydration energy 
decreases. 


(a): 

Species NO; NO, NO; |NOj 
Hybridisation sp’ sp? sp? sp (linear) 
Bond angle 120° |134? 115° 180? 


So, NO3 has maximum bond angle. 


(a) : Mass of organic compound - 0.25 g 


Experimental values, At STP, 
V = 40 mL У, = 3 
Т, = 300 К Т, = 273 К 
Ру = 725 - 25 = 700 mm Р, = 760 mm 
PY, PV 
T, T, 
BV T, 700x40x273 
pails : = 33.52 mL 
ТР, 300х760 
22400 mL of N, at STP weighs = 28 g 
28 X 33.52 
33.52 mL of N, at STP weighs = ————_ 
22400 
= 0.0419 g 
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33. 


34. 


38. 


39. 


45. 


‚ (а): Hyperconjugation 


Mass of nitrogen at STP 
% of N= 


Mass of organic compound taken 


= 317 x100 =16.76% 


(b) : NO, is not used as a food preservative. 


(с): ANN 


More stable 
(Benzyl carbocation) 


(O»- CH—CH,— CH; 


Br 


. (a) : Oxidation number of Fe in Fe(CO), is zero. 


‚ (d): For an ideal solution, AS,,;, > 0 while AH mix 


AV mix and AP = 0. 


. (a): Zr and Hf have nearly same radii due to 


lanthanoid contraction. 


(b) : Tyndall effect is scattering of light by colloidal 
particles which is independent of charge on them. 


(с): NO, 


Electrolytic reduction 
(Strongly acidic medium) 


NH, NHOH 


Rearrangement 


Phenylhydroxylamine 
OH 
p-Aminophenol 


can occur only in 
compound III as it has o-hydrogen atoms. 


s (с) 


. (a) : Incase ofisoelectronic species, radius decreases 


with increase in nuclear charge. 


. (c) : Angular momentum =,//(/+1) hf 


For d orbital, l = 2 


Angular momentum =,/2(2 +1) = J6 h 


. (6) 


a 

LA d is most stable due to hyper- 
СН» 

conjugation. eo 


YOUR WAY DE] Ge 


CHAPTERWISE PRACTICE PAPER : THE SOLID STATE | SOLUTIONS 


Time Allowed : 3 hours Maximum Marks : 70 


GENERAL INSTRUCTIONS 


(i) All questions are compulsory. 

(ii) О. по. 1 to 5 are very short answer questions and carry 1 mark each. 
(iii) Q. no. 6 to 10 are short answer questions and carry 2 marks each. 

(iv) Q. no. 11 to 22 are also short answer questions and carry 3 marks each. 


(v) Q. no. 23 is a value based question and carries 4 marks. 


(vi) Q. no. 24 to 26 are long answer questions and carry 5 marks each. 
(vii) Use log tables if necessary, use of calculators is not allowed. 


1. Which type of solids are called giant molecules? OR 
2. Why are soda water and soft drink bottles sealed In a compound AX, the radius of A* ion is 
under high pressure? 95 pm and that of X` ion is 181 pm. Predict the 


з. Why is Frenkel defect not found in pure alkali metal crystal structure of AX and write the coordination 


halides? number of each of the ion. 


4. What type of solution is formed when ethanol is 10. 4% NaOH solution (mass/volume) and 696 urea 
mixed with water? solution (mass/volume) are equimolar but not 


j 4 
5. What happens when ferrimagnetic Fe4O, is heated кеюн Wis 


at 850 K? 11. Assign reasons for the following : 

6. When lime (CaO) is dissolved in water, solution (i) Phosphorus doped silicon is a semiconductor. 
becomes quite hot. What is the effect of temperature (ii) Schottky defect lowers the density of a solid. 
on the solubility of CaO in water? (iii) Some of the very old glass objects appear 


7. Why is FeO, not formed in stoichiometric slightly milky instead of being transparent. 


composition? 12. (i) What is meant by vant Hoff factor? 

8. Define vapour pressure. What happens to the (ii) The osmotic pressure of a 0.0103 molar 
vapour pressure when solution of an electrolyte is found to be 
(i) a volatile solute is dissolved in the liquid? 0.70 atm at 27?C. Calculate the van't Hoff 
(ii) a non-volatile solute is dissolved in the liquid? factor. (R = 0.082 L atm к! mol!) 

9. The compound CuCl has ZnS structure and the What condusion do you draw saben 
edge length of the unit cell is 500 pm. Calculate its the molecular state of the solute in the 
density. [Atomic mass of Cu = 63 u, Cl = 35.5 u] solution? 
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13. 


14. 


15. 


16. 


| 


18. 


19. 


© 


Explain the following terms with suitable examples : 
(i) Antiferromagnetism 

(ii) Frenkel defect 

(iii) Forbidden zone 

What weight of the non-volatile urea 
(NH,—CO—NH,) needs to be dissolved in 100 g 
of water in order to decrease the vapour pressure of 
water by 25%? What will be the molality of the 
solution? 


(i) What is the difference between 13-15 and 
12-16 compounds? 
(ii) In corrundum, oxide ions are arranged in 


hexagonal close packing and aluminium ions 
occupy two-third of the octahedral voids. 
What is the formula of corrundum? 


Based оп solute-solvent interactions, arrange 
the following in order of increasing solubility in 
n-octane and explain. 

Cyclohexane, KCl, CH4OH, CH4CN 


What is a semiconductor? Describe two main 
types of semiconductors giving example and their 
distinctive features. 

(i) Why is the elevation in boiling point of water 
different in the following solutions? 

(a) 0.1 molar NaCl solution 

(b) 0.1 molar sugar solution. 

(ii) Whatadvantage does osmotic pressure method 
have over the elevation in boiling point method 
for determining molecular masses? 


What general name is given to binary mixtures 
which show deviations from Raoult’s law and 
whose components cannot be separated by 
fractional distillation? 

(ii) Why is it not possible to obtain pure ethanol by 
fractional distillation? 

(iii) How many types of such mixtures are there? 

OR 
(a) State Henry's law for solubility of a gas in 
liquid and explain its significance. 


(i) 


(b) At the same temperature hydrogen is 
more soluble in water than helium. Which 
of them will have a higher value of Ky and 


why? 


(ii) Mention two applications of Henry’s law. 
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20. 


21. 


22. 


23. 


24. 


Distinguish between the following pairs of terms : 

(i) Hexagonal close packing and cubic close 
packing 

(ii) Crystal lattice and unit cell 

(iii) Tetrahedral void and octahedral void. 

(i) Non-stoichiometric cuprous oxide, Си,О can 

be prepared in the laboratory. In this oxide, 

copper to oxygen ratio is slightly less than 2:1. 

Can you account for the fact that this substance 

is a p-type semiconductor? 

(ii) Classify each of the following as a p-type or 

n-type semiconductor : 

(a) Ge doped with In 

(b) B doped with Si 


The molal freezing point depression constant of 
benzene (CgH,) is 4.90 К kg mol. Selenium 
exists as a polymer of the type Se, . When 3.26 g 
of selenium is dissolved in 226 g of benzene, the 
observed freezing point is 0.112?C lower than for 
pure benzene. Deduce the molecular formula of 
selenium. (At. mass of Se = 78.8 g mol’). 


Ms. Abha, a public health worker, always tells people 
in the villages not to cook food in open kadahi. She 
insists on using pressure cooker or covered pans for 
cooking as it will preserve the nutritional value of 
the food and cook food faster. 
(i) What values are displayed by Ms. Abha? 
(ii) What is the reason for fast cooking in pressure 

cooker? 
(iii) What is molal elevation constant? 
(iv) How is it related to elevation in boiling point? 
(i) Aluminium crystallises in a cubic close packed 
structure. Radius of atom in the metal is 125 pm. 
(a) What is the length of the side of the unit 
cell? 
How many unit cells are there in 1 cm? of 
aluminium? 
(c) How many atoms are there in 1 unit cell? 
Define the following terms in relation to 
crystalline solids : 
(a) Lattice point 
(b) Coordination number 
Give one example in each case. 

OR 

Explain anisotropic and isotropic properties of 
solids. 


(b) 


(ii) 


(i) 


25. 


26. 


(ii) Calculate the packing efficiency of a crystal for 
a face centred cubic lattice. 


(i) Two elements A and B form compounds 
having molecular formula AB, and AB,. 
When dissolved in 20 g of benzene (CH6), 
1.0 g of AB, lowers the freezing point by 2.3 K 
whereas 1.0 g of AB, lowers it by 1.3 K. The 
molal depression constant for benzene is 
5.1 K kg mol’. Calculate atomic masses of 
A and B. 

(ii) What happens when RBCs are placed in 

(a) 196 NaCl solution? 

(b) Pure water? 

OR 

(i) Illustrate elevation in boiling point with the 

help of vapour pressure-temperature curve of 

a solution. Show that elevation in boiling point 

is a colligative property. 

Calculate the mass of a non-volatile solute 

(molar mass 40 р mol !) which should be 

dissolved in 114 g of octane to reduce its 

vapour pressure to 8096. 


(ii) 


(i) Calculate the number of atoms per unit cell in a 
(a) face centred cubic structure 
(b) body centred cubic structure. 
If the radius of the octahedral void is r and 
radius of the atoms in close packing is R, derive 
relation between r and R. 

OR 


(ii) 


(i) Explain 
(a) The basis of similarities and differences 
between metallic and ionic crystals. 
(b) Ionic crystals are hard and brittle. 
(ii) What are F-centres? 
(iii) Zinc oxide on heating becomes yellow. Why? 


SOLUTIONS 


1. 


Covalent solids 


molecules. 


(network) are called giant 


Soda water and soft drink bottles are sealed under 
high pressure because solubility of CO, is high at 
higher pressure. 


Frenkel defect is not found in pure alkali metal 
halides because alkali metal ions cannot fit into the 
interstitial sites. 


When ethanol is mixed with water, non-ideal 
solution showing positive deviations from ideal 
behaviour is formed. 


10. 


When ferrimagnetic Fe4O, is heated at 850 K it 
loses ferrimagnetism and becomes paramagnetic 
due to greater alignment of spins is one direction 
on heating. 


Dissolution of CaO in water is an exothermic 
process i.e. heat is evolved. According to 
Le Chateliers principle, increase in temperature 
decreases solubility while decrease in temperature 
increases solubility. 


In FeO crystals, some Fe?* ions are replaced by 
Fe^* ions. To balance net charge, three Fe** ions 
are replaced by two Ее?* ions. Eventually, there 
would be less amount of metal as compared to 
stoichiometric composition. 


The pressure exerted by gas molecules on its liquid 
layer at equilibrium is called vapour pressure. 

(i) When a volatile liquid is added to another 
liquid then the resultant vapour pressure 
may increase, decrease or may remain same 
depending on the strength of solute-solvent 
interaction. 

Net vapour pressure decreases when a non- 
volatile solute is added to the liquid. 


(ii) 


Given, structure = fcc, а = 500 pm 
For CuCl, M = 63 + 35.5 = 98.5 g mol !, d =? 
For fcc, Z = 4 


. ZxM 
Using formula d = 
NAX a? 
4x 98.5 g mol! 
or d- 23-1 3 -30 3 
6.022 x 10°" mol х(500)° x10 ^ cm 
= 5.234 g ст? 
OR 


Given, r44 = 95 pm, ry = 181 pm, structure =? 
C.No. = ? 


r 95 
Radius ratio = 4~ = тр. 


= 0.524 
Ty-  181pm 

Radius ratio lies between 0.414 to 0.732 hence, 
cations are in the octahedral voids of ccp of anions. 


Hence, structure is fcc, C.No. = 6. 


Both the solutions, 4% NaOH (W/V) and 6% urea 
(W/V) have same concentration (1 M) but these are 
not isotonic because NaOH undergoes dissociation 
in solution. Therefore, number of particles in NaOH 
solution is more than that in urea solution. 
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11. (i) 


12. (i) 


13. (i) 


When silicon (having four valence electrons) 
is doped with phosphorus (having five valence 
electrons), phosphorus occupies some of the 
lattice sites in the crystal. Four out of five 
electrons are used in the formation of covalent 
bonds with neighbouring atoms. The fifth extra 
electron becomes delocalised and moves in the 
crystal lattice making it a semiconductor. 

(ii) In Schottky defect, equal number of cations 
and anions are missing from their normal 
position in the crystal lattice so, it decreases 
the density of the crystal. 


(iii) This is because due to heating during the day 
and cooling at night i.e., annealing over a 
number of years, glass acquires some crystalline 
character. 


vant Hoff factor is the ratio of the normal 
molecular mass to the observed molecular 
mass or the ratio of the observed colligative 
property to the normal colligative property. 

T = iCRT 

or, 0.70 =i x 0.0103 x 0.082 x (27 + 273) 


(ii) 


0.70 


=———=276 
0.0103 x 0.082 x 300 


ог, i 
Since i >1, solute molecules are dissociated in 
the solution. 


Substances which are expected to possess 
paramagnetism or ferromagnetism on the 
basis of unpaired electrons but actually they 
possess zero net magnetic moment are called 
antiferromagnetic substances, e.g, MnO. 
It is due to the presence of equal number of 
magnetic moments in the opposite directions. 
(ii) Frenkel defect arises when smaller ions (usually 
cations) in the lattice occupy interstitial sites 
leaving lattice sites vacant. This defect is 
generally found in ionic crystals where anion 
is much larger in size than the cation, e.g., 
AgBr, ZnS, etc. Due to this defect density does 
not change, electrical conductivity increases to 
a small extent and there is no change in overall 
chemical composition of the crystal. 


(iii) The energy gap between the fully filled valence 
band and the empty conduction band is called 
forbidden zone. 
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14. 


15. 


16. 


I7. 


Empty conduction band 
Forbidden zone 
(large energy gap) 
Filled valence band 
Given : 
p^ = 100 WA = 100g 
p.75 Wp-? 


For urea, Mg = 60g mol! 

For water, M, = 18 g mol! 

P- Ps M 
Ps nA 


ng ив! Мв 25 wg/60 


75 100/18 


wAIMA 5 


or Wwpg-lllg 
Molality of the solution 


1118 1 Є 
х х1000 g kg 
60g mol! 100g 


= 18.5 mol kg ! or 18.5 m 


(i) Group 13-15 compounds viz. AIP, GaAs, etc. 
have large covalent character whereas Group 
12-16 compounds viz. ZnS, CdS, HgTe, etc. do 
not possess covalent bonds but have sufficient 
ionic character. 

(ii) Let the number of oxide ions in the packing be N. 

The number of octahedral voids = N 


2 2N 
Therefore, Al** ions = _ xN= ES 


_2N 


Ratio of Alt: OU = :N=2:3 


Hence, formula of corrundum is Al,O3. 


Cyclohexane and n-octane both are non-polar. 
Hence, they mix completely in all proportions. 

KCl is an ionic compound while n-octane is 
non-polar. Hence, KCl will not dissolve at all in 
n-octane. 

CH3OH and CH;3CN, both are polar but CH4CN 
is less polar than CH4OH. As the solvent is non- 
polar, CH3CN will dissolve more than CH4OH in 
n-octane. 

Thus, the order of solubility will be : 

KCl < CH3OH < CH3CN < Cyclohexane 


The solids which have conductivities between 
107% to 10* ohm"! m^! are called semiconductors. 
e.g., germanium and silicon. 
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The two main types of semiconductors are as 
follows : 


(i) 


n-type semiconductor : When a silicon crystal 
is doped with atoms of group-15 elements, 
such as P, As, Sb or Bi then only four of the 
five valence electrons of each impurity atom 
participate in forming covalent bonds and fifth 
electron is almost free to conduct electricity. 
Such type of semiconductors are called n-type 
semiconductors as increase in conductivity is 
due to negatively charged electrons. 


n-type semiconductor 


p-type semiconductor 


(ii) p-type semiconductor: When a silicon crystal 


(i) 


(ii) 


(i) 
(ii) 


is doped with atoms of group-13 elements, such 
as B, Al, Ga or In, each impurity atom forms 
only three covalent bonds with the host atom. 
The place where the fourth electron is missing 
is called ahole which moves through the crystal 
like a positive charge and hence increases its 
conductivity. Such type of semiconductors are 
called p-type semiconductors. 


AT, is different in the two cases because NaCl 
dissociates into Na' and CI ionsin the solution 
while sugar does not dissociate. Therefore, 
number of particles in case of NaCl is higher 
than that in sugar. 


Advantages of osmotic pressure method 
over elevation in boiling point method are as 
follows : 

(a) Osmotic pressure measurement occurs at 
room temperature. 

This method uses molarities instead of 


molalities. 


(b) 
(c) Value of osmotic pressure is large even for 
dilute solutions. 

It is more suitable for biomolecules which 
are not stable at higher temperature. 


(d) 


Azeotropic mixtures. 


It is not possible to obtain pure ethanol by 
fractional distillation because a mixture of 
95.6% ethanol with 4.4% water forms an 
azeotrope i.e., a constant boiling mixture. 
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(iii) There are two types of such mixtures : 


(i) 


(ii) 


20. (i) 


(ii) 


(a) Minimum boiling azeotropes : They 
show large positive deviations from Raoult’s 


law (as ethanol-water system). 


(b) Maximum boiling azeotropes : They 
show large negative deviations from Raoult’s 


law (as nitric acid-water system). 
OR 


(a) Henry’s law states that the solubility of 
a gas in liquid at a constant temperature is 
directly proportional to the partial pressure of 
the gas in equilibrium with the liquid. 


Mathematically, p = Ky.x 


where p is the pressure of the gas above the 
solution and x is the mole fraction of the gas in 
the solution and Ky is Henry’s constant. 


(b) Kg is a function of the nature of the gas. 
Higher the value of Ky at a given pressure, 
lower is the solubility of the gas in the liquid. 


As helium is less soluble in water, so it will have 
a higher value of Ky than hydrogen. 


(a) In the production of beverages. 
(b) In deep sea diving 


Hexagonal close packing has ABAB..... type 
arrangement. i.e., each third layer is parallel 
to the first whereas in cubic close packing, 
arrangement is ABCABCABC....type in which 


each fourth layer is parallel to the first. 


Crystal lattice is the arrangement of lattice 
points in three dimensional space whereas 
unit cell is the smallest repeating unit which 
represents arrangement of lattice points in a 
crystal lattice. 


(iii) A void surrounded by four atoms whose 


centres when joined form tetrahedron is called 
tetrahedral void whereas a void surrounded by 
six atoms whose centres when joined form an 
octahedron is called octahedral void. 


Number of tetrahedral voids = 2 x Number of 
atoms forming ccp 


Number of octahedral voids = Number of 
atoms forming ccp 


21. 


22. 


23. 


(i) Copper to oxygen ratio is less than 2:1 in 
Си,О. This shows that some Cu* ions have 
been replaced by Cu^* ions. To maintain 
electrical neutrality, every two Cu’ ions will be 
replaced by one Cu?* ion and hence a hole 
will be created which will be responsible for 
conduction. Thus this substance is a p-type 
semiconductor. 


(ii) (a Ge is group-14 element (4 valence 
electrons) and In is group-13 element 
(3 valence electrons). Hence a hole is created 
and it is a p-type semiconductor. 
(b) Bisgroup-13 element (3 valence electrons) 
and Siis group-14 element (4 valenceelectrons). 
Hence, due to presence of a free electron it is a 
n-type semiconductor. 


Given Ку= 4.90 К kg mol! 


Wg= 3.26 g 
Wa = 226 g 
АТ,= 0.112°C 


Atomic mass of Se = 78.8 g mol’ 
Ky хив х1000 4.90 x 3.26 x 1000 


Mg 
226 х 0.112 


WAX AT; 


or Mg-631gmol' 
Number of atoms of Se in a molecule — A =8 
78. 


Molecular formula of selenium is Seg. 


(i) Ms. Abha showed social values of saving energy 
and fuel as well as concern towards the health 
of villagers. 


(ii) In pressure cooker, pressure is high and water 


boils at higher temperature. Hence more heat 
is available for cooking the material. 


(iii) Molal elevation constant may be defined as the 
elevation in boiling point when molality of the 
solution is unity. 


(iv) AT, = K, x m 


24. (i) (a) For fcc (or cep), a 222r =2x1.414x125 pm 


= 354 pm 
(b) a=354 pm = 3.54 x 10? cm 
Volume of one unit cell = а? = (3.54 x 10? ст)? 
= 444 x 107? cm? 
Number of unit cells 
Total volume 


~ Volume of one unit cell 


(ii) 


(i) 


(ii) 


1 cm? 


7 M: 2.25 х 1022 
444х10 ^ cm 


(c) 1 unit cell has four atoms of aluminium. 


(a) The constituent particles of a crystalline 
solids are denoted by points. These are called 
lattice points. Lattice points may be atoms, 
molecules or ions. 


(b) The number of nearest neighbours of any 
constituent particle in a crystal lattice is called 
its coordination number. The coordination 
number of an atom in the bcc structure is 8. 
OR 
Some of the physical properties of crystalline 
solids like electrical conductivity, refractive 
indexetc. show different values when measured 
along different directions in the same crystal. 
This is called anisotropic property of the 
crystal. 
Since, the arrangement of particles is different 
along different directions, the value of same 
physical property is found to be different along 
each direction. 
In case of amorphous substances, these 
properties are identical in all directions. This 
property is called isotropy. 
Edge length = a 
Face diagonal 


=b=AC 
In AABC 
АС? = ВС? + АВ? 


b? = д2 + а^ = 2а? 


b= /2а 
If radius of the spherical atom is r then 
b=V2a=4r 


B a 

242 
Volume of the four spherical atoms of radius r 
in the unit cell is 


r 


3 3 
4 
4x4 = il 2 | х4 = Ла 
3 3 x2 342 
Volume of the cube = а? 
Packing efficiency = 
Volume of one spherical atom in unit cell 


Volume of the cube 
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па 
Packing efficiency = ————; 
342 xa? 
= —=0.74 
3N2 


(i) Given,w;-1g 
wi-20g 
AT KaB») =2.3K 
ATg AB) =13K 
Ky= 5.1 Kkg mol! 


1000xK 
Applying the formula, M, = са 


Wi x AT, 
1000 x 5.1x 1 = 
М\лв,) = ^ 20x23 =1 10.875 то] 
1000 x5.1x1 E 
MiAB,) = ^ 20x13 = 196.15 g mol 


Suppose atomic masses of A and B are ‘a’ and ‘b’ 
respectively then 

Molar mass of AB; = a + 2b = 110.87 g mol! ..(i) 
Molar mass of AB, = a + 4b = 196.15 g mol! ...(ii) 
Eqn. (ii) - Eqn. (i) gives 

2b = 85.28 or b = 42.64 

Substituting in eqn. (i) we get 

a + 2 х 42.64 = 110.87 or a = 25.59 

Thus atomic mass of A = 25.59 u 

Atomic mass of В = 42.64 u 


(ii) (a) 1% NaCl solution is hypertonic, hence 
RBCs will shrink due to plasmolysis. 
(b) Pure water is hypotonic hence RBCs will 
burst due to osmosis. 


1.0 atm 


(i) 


Vapour pressure 


b 
Temperature ————> 
Change of vapour pressure of a solvent and solution 
of non-volatile solute with temperature. 


Elevation in boiling point is a colligative 
property as it depends only on number of 
moles of solute particles dissolved in 1000 g 
of the solvent and not upon the nature of the 
solute i.e. 

AT, ec m 


CHEMISTRY TODAY | JUNE '15 


(ii) Number of moles of solute — т то] 


26. (1) 


(ii) 


Let p? = 100 then p, = 80 


Ap = 20 
Number of moles of solvent (octane) 
114 
= HELL. M =] то] 
114 g mol! 
[Molar mass of CgH,;s = 114 g mol !] 
Now, = = Xp 
20 _ w/40 
100 w/40+1 
oa (3 " )- ша 
40 40 
=> w=10g 
(a) Number of atoms in a unit cell of fcc 


structure : This type of unit cell has 8 atoms on 
the corners and 6 atoms on the face centres. 
Contribution by atoms on the corners 
1 
8 
Contribution by atoms on the face centres 
1 
= —X6-3 
2 


Total number of atoms per unit cell 
=3+1=4 
(b) Number of atoms in a unit cell of bcc 
structure : This type of unit cell has 8 atoms on 
the corners and one atom within the body. 
Contribution by 8 atoms present on the corners 
1 


=—x8=1 
8 
Contribution by atoms present within the 
body = 1 
Number of atoms present per unit cell 


=1+1=2 


Derivation of the relationship between the 
radius (r) of the octahedral void and the radius 
(R) of the atoms in close packing : 

A sphere fitting into the octahedral void is 
shown by shaded circle. A sphere above and a 
sphere below this small (shaded) sphere have 
not been shown in the figure. 


(i) 


PHYSICS 
for you 


ABC is a right angled triangle. Applying 
Pythagoras theorem, 

BC’ = AB’ + AC” 

(2Е)? = (В +)? + (Re r = 2(R + 1 


2 
= 29. = (К+ rf or (2 В) = (R e 7 


=> J2R=R+rorr=VJ2R—R=(N2—-NR 
=> r = R(L414 - 1) = 0.414 R 


OR 

(a) Similarities between metallic and ionic 
crystals : 

1. In both ionic and metallic crystals constituent 
particles are held by electrostatic force of 
attraction. 

2. In both the solids, 
directional. 


bonds are non- 


3. Both the solids have high melting points. 


Differences between metallic and ionic 
crystals : 

1. Ionic crystals are made of cations and anions 
whereas metallic solids are made of metal ions 


and sea of electrons. 
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(ii) 


2. Ionic crystals are insulators in solid 
state because their ions are not free to 
move whereas metallic crystals conduct 
electricity due to the presence of sea of mobile 
electrons. 

3. Ionic crystals are hard and brittle but metallic 
crystals are hard, malleable and ductile. Some 
metallic crystals are soft also. 

(b) Ionic crystals are hard due to the presence 
of strong interionic electrostatic forces of 
attraction. 

However, when an ionic solid is subjected to 
stress, ions of same charge come close together 
and the repulsive forces between them cause 
the crystal to break into pieces. 

Thus, ionic crystals are hard but brittle. 
Electrons trapped in anionic vacancies are 
called F-centres as they impart colour to the 
crystal. 


(iii) When ZnO is heated, it loses oxygen and turns 


2014, 2013, 2011, 2010, 2008 
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2014, 2013, 2010, 2009, 2008 
Mathematics Today 


2014, 2013, 2011, 2010, 2009, 2008 


2014, 2013, 2009, 2008 


yellow due to the following reaction : 
ZnO —^—> Zn” + 20, +2e 


The excess Zn** ions move to interstitial sites 
and electrons to neighbouring interstitial 
sites. 

These electrons impart colour by absorbing a 
portion of energy from visible light. 
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CONCEPT 


MA 


Measurement and 
uncertainty 
in measurement 


SI Units 


e SI system has seven base units pertaining to 
seven fundamental scientific quantities : 


Physical quantity SI unit 


Length (I) 
Mass (m) 
Time (f) 


metre (m) 


kilogram (kg) 


second (s) 


Electric current (I) ampere (A) 


kelvin (K) 


Thermodynamic 
temperature (T) 


[Amount of substance (и)! mole (mol) 


candela (cd) 


Luminous intensity (I,) 


e SI system allows the use of prefixes to 
indicate the multiples or submultiples of a 
unit: 


deka - 10! 
hecto - 10? 
kilo - 10? 
mega - 10° 


deci - 107! 

centi - 1072 
milli - 107? 
micro - 1076 


giga - 10? 
tera - 1012 


nano - 10? 


pico - 10712 


Scientific Notation 


e Anumber is represented as x x 10" 
e nis -ve if decimal is moved towards right 
and nis +ve ifit is moved towards left. 


Significant Figures 


These are all certain digits with last digit 
uncertain. 

e Allnon-zero digits are significant. 

e Zeros preceding to first non-zero digit are 
not significant. 


Zeros between two non-zero digits are 
significant. 
Zeros on the right side of the decimal are 
significant. 


Dimensional Analysis 


Required unit = Given value x conversion 
factor 

Some useful conversion factors : 
Length- 1А = 1078 ст = 10-10 т 

1nm- 10-9 т, lpm- 10-12 
Volume- 1L = 1000 mL 

71000 cm? 2 1 dm? = 10? m? 
Pressure – 1 atm = 760 mmo or torr 
= 101325 Ра 

1 bar = 10° Nm~? = 10° Pa 
Energy- lcalorie- 4.184] 

1еУ -1.6022x 107] 

1] 2107 ergs 


HAVE A LOOK ! 


Laws of chemical 
combinations and 
Dalton's atomic theory 


? Law of Conservation of Mass 


Matter can neither be created nor destroyed. 


Law of Definite Proportions 


A given compound always contains exactly the 
same proportion of elements by weight. 


Law of Multiple Proportions 


Iftwo elements can combine to form more than 
one compound, the masses of one element that 
combine with a fixed mass ofthe other element, 
are in the ratio of small whole numbers. 


Lussac’s Law of Gaseous Volumes 


When gases combine or are produced in a 
chemical reaction they do so in a simple ratio 
by volume provided all gases are at same 
temperature and pressure. 


Avogadro's Law 


Equal volumes of gases at the same temperature 
and pressure should contain equal number of 
molecules. 


Dalton's Atomic Theory 


e Matter consists of indivisible atoms. 

e All the atoms of a given element have 
identical properties including identical 
mass. Atoms of different elements differ in 


mass. 

Compounds are formed when atoms of 
different elements combine ina fixed ratio. 
Chemical reactions involve reorganisation 
of atoms. These are neither created nor 
destroyed in a chemical reaction. 


Stoichiometry 


It deals with calculations based upon 

chemical equations. 

Various steps involved in calculations are : 

- Write balanced chemical equation. 

- Write the relative number of moles or 
relative masses of reactants and products 
involved below their formulae. 

In case of gases write 22.4 L at STP in 
place of 1 mole. 

Apply unitary method to make required 
calculations. 


Limiting Reagent 


The reactant which gets consumed completely 
and limits the amount of product formed is 
called limiting reagent. 


æ Mass is the quantity of matter contained in the substance and is constant whereas weight varies 


from place to place. 


= Exact numbers have an infinite number of significant figures. 


æ Molar volume ofa gas is 22.7 Lat 1 bar and 0°C. 


= The number of molecules in 1 mL ofa gas at STP is known as Loschmidt number. 


SOME BASIC CONCEPTS OF CHEMISTRY 


Introduction of most fundamental and important tools of chemistry which help in various calculations. 


Mole concept, 
Masses and 
Stoichiometry 


Masses 


Atomic mass unit (amu or u) : Mass exactly 
equal to 1/12" of the mass of an atom of 
С-12 isotope. 
Atomic mass of an element : Average 
relative mass of its atoms as compared to an 
atom of C-12. 
Average atomic mass : Given for isotopes. 
_ EXiAj where X;=% abundance 
i УХ; А; atomic mass 
Gram atomic mass : Atomic mass of an 
element expressed in grams. 
Molecular mass : Sum of atomic masses of 


allthe elements present in a molecule. 


Mole Concept 


Mole: Collection of6.022 х 1023 particles 
Incaseof 
atomic substances: 
1 mole = Gram atomic mass = 1 gram atom 
= 6.022 x 1023 atoms 
molecular substances: 
1 mole = Gram molecular mass 
=1gram molecule 
= 6.022 x 1023 molecules 
gaseous substances: 
1mole-22.4LatSTP 


Percentage Composition 


It shows mass of a constituent in 100 parts ofa 
compound. 
Mass 96 of an element 


_ Mass of that element in the compound 


x 100 


Molar mass of the compound 


Empirical Formula 


e It is the simplest whole number ratio of 
different atoms present in a compound. 
e Steps to obtain empirical formula: 


% age Ch: te 
Molar ratio = 988€ | Changeto 


At. mass 


мМ 
Molar ratio 


Simplest molar ratio = 


Minimum molar ratio 


Change to 
v 
Write the numbers below. Simplest whole 


the symbols of elements number ratio — 
Simplest ratio x Integer 


Empirical formula 


Molecular Formula 


e It is the formula showing exact number of 
atoms present in a molecule. 
e Molecular formula = п x empirical formula 


Reactions in Solutions 


w, 
e Mass percent (%) =— te x100 
Wsolution 


ПА ng 
› Хв = 
na ng nang 
wj 1000 
M, x V(in mL) 
w x 1000 
М; x w,Gn g) 


e Molefraction (хд) = 


e Molarity (M) = 


e Molality (m) = 
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Which one of the following sets of quantum 
numbers is possible ? 


(а) n23,123,mj2 -3, m, = «1/2 
(b) n=2,1=1, m,=2, т, = -1/2 

(c) n=2,1=0, m,=0, т, = +1/2 

(d) n21,120,mj20,m,-0 

(е) n=3,1=2, m,=3, m, = -1/2 


The mass of CaCO required to react completely 
with 20 mL of 1.0 M НСІ as per the reaction, 
CaCO; + 2НСІ > CaCl, + CO, + H5O is 

(At. wt: Ca = 40, C = 12, O = 16) 


(a) 1g (b) 2g 
(c) 10g (d) 20g 
(e) 200 g 


Which one of the following has maximum number 
of molecules? 
(a) 16g of O3 
(c) 4g of N5 
(e) 32g of Ny 
The density of 2.0 M solution ofa solute is 1.2 g mL. 
If the molecular mass of the solute is 100 g mol}, 
then the molality of the solution is 


(b) 16g of NO; 
(d) 2g of H, 


(a) 2.0m (b) 1.2m 
(c) 1.0m (d) 0.6m 
(e) 2.4m 


Which of the following sets of molecules contains 
the same number of lone pairs of electrons in the 
central atom? 

(a) SO», CIF, ВгЕ; 
(с) CIF3, XeF,, H,O 
(e) NH3, ХеЕ,, О; 


(b) SF4, NH3, О; 
(d) H,O, SF,, МН; 


Which one of the following does not match with 
respect to the shape of the molecule? 

(a) NH; - Trigonal pyramidal 

(b) SF, - Tetrahedral 

(c) H5S - Bent 
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Ti; 


(d) CIF; - T-shape 
(e) XeF, - Square planar 


Find the pair that has the same bond order 
with diamagnetic and paramagnetic properties 
respectively. 

(a) F, and O, 
(c) Li; and B; 
(e) He and Ne 


(b) N, and OF 
(d) В, апа О, 


In which one of the following compounds does the 
central atom obey the octet rule? 


(a) XeF, (b) XeOF, 
(c) SCl, (d) AlCl; 
(e) ВЕ, 


Equal masses of He, О» and SO, are taken in a 
closed container. The ratio of the partial pressures 
of gases He, O, and SO, would be 


(a) 1:2:8 (b) 8:16:1 
(c) 16:8:1 (d) 1:4:16 
(e) 16:2:1 


Which one of the following gases has the highest 
critical temperature? 
(a) Nitrogen 

(c) Water vapour 
(e) Hydrogen 


(b) Ammonia 
(d) Carbon dioxide 


Match the following : 

Compound Magnetic property 
(A) NaCl (i) Ferrimagnetic 
(B) MnO (ii) Paramagnetic 
(C) CrCl; (iii) Ferromagnetic 
(D) CrO, (iv) Diamagnetic 
(E) MgFe;O, (v) Antiferromagnetic 


12. 


13. 


14. 


15. 


16. 


17; 


(a) (A)-(), (B)-Gii), (C)- (i3), (D)-(v), (E)- (iv) 
(b) (A)-(v), (B)-(Gi), (C)-(ii), (0)-(1), (E)- (iv) 
(c) (A)-(iii), (B)-(v), (C)-(ii), (0)-(1), (E)- (iv) 
(d) (A)-(iv), (B)-(v), (C)-(ii), (D)- (ii), (E)- (i) 
(e) (A)-(iv), (B)- ii), (C)-(v), (D)-(ii), (E)-(i) 
What would be the IUPAC name for the element 
with atomic number 120? 

(b) Unnilbium 

(d) Ununtrium 


(a) Ununbium 
(c) Unnilunium 
(e) Unbinilium 


Among Mg, Mg?*, Al and AP* which will have the 
largest and the smallest size respectively? 

(a) Mg, AP* (b) AP*, Mg 

(c) Mg”, Al (d) Al, Mg?* 

(e) Mg”, AP* 


How does the electron gain enthalpies vary across a 

period and down a group? 

(a) More positive across a period and less positive 
down a group. 

(b) More negative across a period and less negative 
down a group. 

(c) Less positive across a period and less negative 
down a group. 

(d) More positive across a period and less negative 
down a group. 

(e) Less negative across a period and more negative 
down a group. 


The halide of which alkaline earth metal is covalent 
and soluble in organic solvents? 


(a) Be (b) Mg 
(c) Ca (d) Sr 
(e) Ba 


[he element responsible for the neuromuscular 
function in the body is 
(a) calcium (b) magnesium 
(c) potassium (d) sodium 


(e) manganese. 


The salt of an alkali metal gives yellow colour in 
the flame test. Also its aqueous solution gives an 
insoluble white precipitate with barium chloride in 
acid medium. The salt is 


(a) NaCl (b) K,SO,4 
(c) NaSO, (d) 11,804 
(е) NaNO; 


19. 


20. 


21, 


22. 


23. 


24. 


25. 


The oxoacid of phosphorus that reduces silver 
nitrate into metallic silver is 

(а) HPO, (b) НРО, 

(©) НУРО, (d) H4P,0; 

(e) (HPOj), 


The compound that is used in nuclear industry as 
protective shields and control rods is 

(a) metal carbonates (b) metal chlorides 

(c) metal oxides (d) metal hydroxides 

(e) metal borides. 


Which of the following oxides of nitrogen contains 
N—O-N bond? 

(a) Dinitrogen oxide 

(b) Nitrogen monoxide 

(c) Dinitrogen pentoxide 

(d) Dinitrogen trioxide 

(e) Dinitrogen tetroxide 


Which ofthe following transition metals of 3d series 
has the lowest melting point? 

(a) Ti (Z — 22) (b) V (Z= 23) 

(с) Cr (Z = 24) (d) Mn (Z = 25) 

(e) Fe (Z= 26) 


Which of the following ions has the same number 
of unpaired electrons as present in V?* ? 


(а) Ti?* (b) Fe?* 
(c) NÉ (d) CP?* 
(е) Mn 


Among the following actinide pairs, the maximum 
oxidation states is shown by 


(a) U and Np (b) Np and Pu 
(c) Pu and Am (d) U and Pa 
(e) Th and Pu 


Among the transition metals of 3d series, the one 
that has the highest negative M**/M standard 
electrode potential is 


(a) Ti (b) Cu 
(c) Mn (d) Ni 
(e) Zn 


The enthalpies of solution for copper sulphate 
pentahydrate and anhydrous copper sulphate are 
respectively -11.7 and -65.5 kJ mol !. The hydration 
enthalpy of anhydrous copper sulphate is 

(а) 53.8k] mol! (Б) -9.8 kJ mol 

(с) -772kJ mol! (d) -53.8 kJ mol! 

(е) 77.2kJ mol! 
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26. 


275 


28. 


29. 


30. 


31. 


© 


The standard enthalpy of formation of NH3(g) is 
-91.8 kJ mol’. The amount of heat required to 
decompose 34 g of NH, into its elements is 


(a) 183.6 kJ (b) 91.8 kJ 
(c) 45.9 kJ (d) 137.7 kJ 
(e) 275.4 kJ 


Calculate the work done by 16 g of oxygen gas 
(assume ideal behaviour) of molar mass 32 g mol! 
undergoing isothermal reversible expansion at 
300 K from an initial volume of 2.5 L to the па] 
volume of 25 L in litre atm. 

(R=8.2x 10 Latm K тої!) 


(a) -56.64 (b) 28.32 
(c) 113.28 (d) 56.64 
(e) -113.28 


In which one of the following the increase of 

pressure favours the backward reaction? 

(a) Formation equilibrium of ammonia from № 
and Н) 

(b) Decomposition equilibrium of HI( to Н) 
and D 

(c) Synthesis of SO4(5) by contact process 

(d) Production of ‘syngas’ by coal gasiXcation 

(e) Formation equilibrium of Fe;0, by action of 
steam on iron 


At 800 K in a sealed vessel, for the equilibrium 
Nog) + Org) I 230 (о the equilibrium 
concentrations of No, Ox) and NO аге 
respectively 0.36 x 10? M, 441 x 10? M and 
1.4 x 10? M. Then, the value of K, for the reaction 
NO, == 1/2М у) + 1/20» at 800 K is 


(a) 1.1 (b) 0.9 
(c) 3x10? (d) 9 x 10? 
(e) 0.33 


The solubility product of a salt MX, in water is 
4 x 107. The concentration of M?* ions in the 
aqueous solution of the salt is 

(a) 1х10* м (b) 4x 104M 

(c) 16x 10. M (d) 2x 104M 

(е) 12x 107M 


Which one of the following species cannot act as 
both Bronsted acid and base? 


(а) H,0 (b) НСО; 
(c) HSO% (d) NH; 
Я NH, 
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32. 


33. 


34. 


35. 


36. 


37. 


The correct equation for the degree of association 
‘œ of an associating solute, ‘и’ molecules of which 
undergoes association in solution, is 


ane _ — One "7 
— n 
Cue i(n+1) (dy a= i(n+1) 
l-n п—1 


The vapour pressure of a solvent at 293 К is 
100 mm Hg. Then the vapour pressure of a solution 
containing 1 mole of a strong electrolyte (AB) in 
99 moles of the solvent at 293 K is (assume complete 
dissociation of solute) 


(a) 103 mm Hg (b) 99 mm Hg 
(c) 97 mm Hg (d) 101 mm Hg 
(e) 98 mm Hg 


The correct order of osmotic pressure of 0.01 M 
aqueous solution of the following is 

(a) Sucrose > CH4COOH > KCl 

(b) CH4COOH > Sucrose > KCl 

(c) Sucrose > KC] > CHCOOH 

(d) KCl > Sucrose > СНСООН 

(e) KCl > CH4COOH > Sucrose 


Among the following elements, which one exhibits 
both positive and negative oxidation states? 


(a) Cs (b) Ne 
(c) I (d) F 
(e) K 


Choose the disproportionation reaction among the 
following redox reactions. 
(a) 3Mg, + Мое)  Mg3N5( 
(b) Pais) + 3NaOH aq) + 3H50y > РН) 
+ 3NaH,PO>(qq) 
(c) Chig + 2KI (ag) > 2KCl ag) + Ls) 
(d) Сг,Оз + 2Al > Al,O3(,) + 2Cr(¢) 
(e) ZNaH,, > 2Na + Haig) 
Standard electrode potentials of three metals X, Y 


and Z are 0.52 V, -2.87 V and -0.44 V respectively. 
The reducing power of these metals are 


(а) X>Y>Z (b X>Z>Y 
(c) Y>X>Z (d Z>X>Y 
(e) Y»Z»X 


38. 


39. 


40. 


41. 


42. 


43. 


44, 


In a Mrst order reaction 80% of the reactant at an 
instant was reduced to 8% in 4606 seconds. The rate 
constant of the reaction is 

(а) 2.303 x 107451 (b) 4.606 x 107357} 

(c) 5.000x 10^ s! (4) 5.000 x 107457! 

(e) 4.606 x 1075s! 


The decomposition of №0; in CCl, at 318 K is 
studied by monitoring the concentration of N,O; 
in the solution. Initially the concentration of N5O5 
is 2.4 mol L and aer 200 minutes, it is reduced to 
2.00 mol L~". What is the rate of production of NO, 
during this period in mol L'! min ! ? 


(a) 4 x 10? (b) 2x 10? 
(c) 1x 107 (d) 2x 10 
(e) 5x107 


In a Mrst order reaction, the concentration of 
the reactant decreases from 0.6 M to 0.3 M in 
30 minutes. The time taken for the concentration to 
change from 0.1 M to 0.025 M is 


(a) 60 min (b) 30 min 
(c) 15 min (d) 50 min 
(e) 90 min 


The correct ascending order of adsorption of the 
following gases on the same mass of charcoal at the 
same temperature and pressure is 

(а) CH; < H, < SO, (b) H, < CH, < SO, 

(c) SO, < CH4< H, (d) H, < SO, < CH, 

(e) CH, < SO, < H, 


When H, and CO are reacted in the presence of Cu 
catalyst, the product/s obtained is/are 

(a) methanol (b) methanal 

(c) methane and H5O (d) acetic acid 

(e) ethanol. 


Which of the following statements is incorrect 

about physisorption? 

(a) It is reversible in nature. 

(b) It forms multilayer. 

(c) It involves high activation energy. 

(d) The extent of physisorption decreases with 
increase of temperature. 

(e) It increases with increase in surface area. 


The compound [Pt(NH3);Cl;] can exhibit 
(a) linkage isomerism 

(b) coordination isomerism 

(c) optical isomerism 

(d) geometrical isomerism 

(e) ionization isomerism. 


45. 


46. 


47. 


48. 


49. 


50. 


Which one among the following is a homoleptic 

complex? 

(a) Tris(ethane-1,2-diamine)cobalt(III) chloride 

(b) Triamminetriaquachromium(IIT) chloride 

(c) Diamminechloridonitrito-N-platinum(IT) 

(d) Dichloridobis(ethane-1,2-diamine)cobalt(IIT) 
chloride 

(e) Pentamminecarbonatocobalt(III) chloride 


The coordination number, oxidation number and 
the number of d-electrons in the metal ion of the 
complex [CoCl,(en)]Cl, are respectively (atomic 
number of Co - 27) 


(а) 4, 3and 6 (b) 6,2and 6 
(c) 6,6 and 3 (d) 4,2 and6 
(e) 6,3 and6 


What is the IUPAC name of the following 
compound? 
O O 


PFs 


OH 
(a) Hexa-2,6-dienone-6-ol 
(b) 2-Ketohexanoic acid 
(c) 5-Ketohexanoic acid 
(d) 2-Oxohexanoic acid 


(e) 5-Oxohexanoic acid 


The numbers of с and л-Бопаѕ present in 
1, 3-butadiene are respectively 


(a) 9and 2 (b) 8and 2 
(c) 9and 3 (d) 9and 1 
(e) 8and 1 


Which one of the following is an aromatic 
compound? 

(a) Cyclopentadienyl cation 

(b) Cycloheptatrienyl cation 

(c) Cycloheptatrienyl anion 

(d) Cycloheptatriene 

(e) Cyclopentadiene 


n-Hexane on heating to 773 K at 10-20 atmospheric 
pressure in the presence of oxides of vanadium 
supported over alumina, yields 

(b) 2-hexene 

(c) benzene (d) 2-methylpentane 

(e) 2,2-dimethylbutane. 


(a) 1-hexene 
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51. 


52; 


53. 


54. 


55. 


56. 


dius 


58. 


@ 


Which one of the following is not an isomer of 
3-methylbut-1-yne? 

(a) Pent-1-yne (b) Buta-1,3-diene 

(c) Pent-2-yne (d) Penta-1,3-diene 

(e) 2-Methylbuta-1,3-diene 


The correct decreasing order of acidic character of 
hydrogen in ethane, ethene and ethyne is 

(a) ethane » ethene » ethyne 

(b) ethene > ethane > ethyne 

(c) ethyne > ethane > ethene 

(d) ethyne > ethene > ethane 

(e) ethane > ethyne > ethene. 


On ozonolysis, one molecule of a hydrocarbon 
produces two moelcules of ethanal and one 
molecule of ethanedial. The hydrocarbon could be 
(a) 1, 3-hexadiene 

(b) 1, 4-cyclohexadiene 

(c) 1, 4-hexadiene 

(d) 2, 4-hexadiene 

(e) 1, 3-cyclohexadiene. 


Acid catalysed hydration of alkene is an example 
for 

(a) free radical substitution 

(b) nucleophilic substitution 

(c) nucleophilic addition 

(d) electrophilic addition 

(e) electrophilic substitution. 


Which one of the following undergoes nitration 
reaction most readily? 
(a) Acetophenone 
(c) Benzaldehyde 

(e) Benzene 


(b) Benzonitrile 
(d) Benzoic acid 


The total number of optical isomers possible for 
2, 3-dibromobutane is 


(a) 2 (b) 4 
(c) 0 (d) 3 
(e) 8 


Dehydration of which one of the following alcohols 
produces an alkene exhibiting cis-trans isomerism? 
(a) Isopropyl alcohol (b) Tertiary butyl alcohol 
(c) n-Butylalcohol (4) Neopentyl alcohol 

(e) 3-Pentanol 


The products expected to be formed in the Wurtz 
reaction of a mixture of neopentyl bromide and 
isobutyl bromide are 
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59. 


60. 


61. 


62. 


63. 


(i) 2,2,4-trimethylpentane 

(ii) 2,2,5,5-tetramethylhexane 

(iii) 2,2,4,4-tetramethylhexane 

(iv) 2,5-dimethylhexane 

(v) 2,2,5-trimethylhexane 

(а) (ii), (10) and (v) (Ы) (ii), (iv) and (v) 

(с) (1), (iv) апа (у) (d) (i), (iii) and (v) 

(e) (i), (ii) and (iv) 

Which one of the following organohalogen 
compounds when heated with alcoholic potassium 
hydroxide does not undergo dehydrohalogenation 
reaction? 

(a) Secondary butyl chloride 

(b) Isopropyl chloride 

(c) Neopentyl chloride 

(d) Isobutyl chloride 

(e) Tertiary butyl chloride 


By which one of the following reactions ketones 
cannot be prepared? 

(a) Hydration of alkynes 

(b) Hydrolysis of gem-dihalides 

(c) Dry distillation of calcium carboxylates 

(d) Stephens reaction 

(e) Ozonolysis of appropriately substituted alkenes 


When a mixture of benzaldehyde and acetophenone 
is treated with dilute NaOH at 293 K, it forms 

(a) 2, 3-diphenylpropanal 

(b) 1, 1-diphenylpropan-2-one-1-ol 

(c) 1,3-diphenylprop-2-en-1-one 

(d) 1,2-diphenylprop-2-en-1-one 

(e) 1,3-diphenylprop-2-en-1-al. 


Glutaric acid is 

(a) butane-1,4-dioic acid 
(b) propane-1,3-dioic acid 
(с) pentane-1,5-dioic acid 
(d) hexane-1,6-dioic acid 
(e) ethanedioic acid. 


4-Methoxyacetophenone can be prepared from 
anisole by 

(a) Reimer-Tiemann reaction 

(b) Kolbes reaction 

(c) Friedel- CraNs reaction 

(d) Wurtz reaction 

(e) Cannizzaro reaction. 


64. 


65. 


66. 


67. 


68. 


69. 


70. 


71. 


үр 


The total number of structural isomers possible for 
an amine with molecular formula C4H,4N is 


(a) 6 (b) 5 
(с) 7 (а) 4 
(е) 8 


Which опе of the following amines cannot be 
prepared by Gabriel phthalimide synthesis? 
(a) Ethylamine (b) Isopropylamine 
(c) n-Propylamine (d) Ethylmethylamine 


(e) Allylamine 


Which one of the following amines forms a 
non-acidic and alkali insoluble product with 
p-toluenesulphonyl chloride? 

(a) Tertiary butylamine 

(b) n-Butylamine 

(c) Isobutylamine 

(d) Diethylamine 

(e) N, N-Dimethylethylamine 


Which of the following compounds is most basic? 
(a) Aniline (b) Cyclohexylamine 

(c) o-Nitroaniline (d) o-Toluidine 

(e) p-Methoxyaniline 

Glucose does not react with 

(a) hydroxylamine (b) conc. HNO; 

(c) acetic anhydride (4) sodium bisulphite 
(e) Brj/H5O. 


Which of the following is a water soluble vitamin? 
(a) Vitamin A (b) Vitamin D 

(c) Vitamin B, (d) Vitamin E 

(e) Vitamin K 


The polymer used in the manufacture of squeeze 
bottles is 

(a) polystyrene (b) teflon 

(c) polypropene (d) high density polythene 
(e) low density polythene. 


The drug Tegamet is 
(a) analgesic (b) antidepressant 
(c) anaesthetic (d) antacid 


(e) antibiotic. 


Which one of the following is a cationic detergent? 
(a) Sodium laurylsulphate 

(b) Cetyltrimethyl ammonium bromide 

(c) Sodium dodecylbenzene sulphonate 

(d) Glyceryl palmitate 

(e) Glyceryl oleate. 


SOLUTIONS 


I. 


(с): (a) For a particular value of n, l= 0 to n - 1. 
For n = 3, | cannot be equal to 3. 
(b) Fora particular value of l, m; = – l to l including 
zero. 
For | = 1, mj; cannot be 2 which is greater than /. 
1 1 
(d) т, = fi j^ 
(e) mj cannot be greater than I. 
(а): CaCO; + 2HCl —o CaCl, + CO, + HO 
According to equation, 1 mole of CaCO; reacts 
completely with 2 moles of HCI. 


m, cannot be equal to zero. 


Number of moles of HCl= = x1 mol = 0.02 mol 


Number of moles of CaCO; = 0.01 mol 
Hence, mass of CaCO; required to react completely 
with HCl = (0.01 x 100) 21g 


(e): (a) 16 g of O, = з =05 mol 


(b) 16 g of NO, = 157035 mal 


4 
с) 4gofN, = —=0.14 mol 
(c) 4g a 
(d) 2gofH,- ==1mol 

3 


(е) 32 gof N, = l4 mol 


(a): 2M i.e., 2 moles in 1000 mL 

Wt. of 1000 mL solution = 1200 g 

Wt. of solvent = 1200 - 200 = 1000 g 
Molality = 2m 


(b): SE, NH4, О; 

" Т7 © 

SF, Мн; GW $ 
(b): SF, is see saw shaped. 


F 
F 
F 
F 
(c): Species Bondorder Magnetic behaviour 
F, 1 Diamagnetic 
О» 2 Paramagnetic 
N5 3 Diamagnetic 
oT 1 Diamagnetic 
Li, 1 Diamagnetic 
В, 1 Paramagnetic 


Helium and neon are monatomic and diamagnetic. 


© 
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10. 


11. 


12; 
13. 


14. 
15. 


16. 
17. 


18. 


19. 
20. 


Al. 


bu 


(c): CI-§—Cl 
XeF, and XeOF, have expanded octets while AlCl; 
and BF, have incomplete octets. 
(е): For a mixture of non-reacting gases, 
partial pressure « number of moles. 
For equal masses, 
. 1 
64 
Pue: ро, : Pso, = 16:2:1 
(c): Easily liquiMable gases have higher critical 
temperature. 


Npe: no, : 10, = 


AMI 
bl- 


(d): NaCl - Diamagnetic 
MnO -  Antiferromagnetic 
CrCl, -  Paramagnetic 
CrO, - Ferromagnetic 
MgFe;O, - Ferrimagnetic 


(e) 
(a): A cation is always smaller than its atom and 
also on moving from leX to right in a period atomic 
and ionic size decrease. 

Mg > Al and Mg^* > AP* 


(b) 

(a): Beforms covalent compounds due to its smaller 

size and high ionization enthalpy. 

(a) 

(c): М№а,50, + BaCl, —> BaSO,| + 2NaCl 

(Gives yellow colour White ppt. 
in flame test) 

(a): The P—H bond present in HPO, imparts 

reducing property to the acid. 

4AgNO; F 2H,O F HPO, = 4Ag| + 4НМ№О; T 
Н;РО, 

(е) 


(с): Dinitrogen pentoxide 


Ок /O\ 40 Ок 70. 0 
IN N e, | 
o” No o^ O 


(d): In Wrst transition series Mn has abnormally 
low melting point. This can be explained on the 
basis that Mn has exactly half-Mlled d-orbitals. 
As a result the electronic conXguration is 
stable, electrons are held tightly by the nucleus, 
delocalisation is less and metallic bond is much 
weaker. 
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22, 


23. 
24. 


25, 


26. 


27. 


(с): 


Species | Outer electronic | No. of unpaired 
configuration electrons 
т* 3d! 1 
Fe?* 3d? 5 
мі?" 3d° 2 
Cr" 3d? 3 
Mn” 3d 5 
ye 3d? 2 


(b): They both show highest oxidation state of +7. 


(a): The M?*/M standard electrode potential value 
of Ti is -1.63 V. 
(d): Given : 
(i)  CuSO4 + aq — CuSO4(aq); 
А.Н = -65.5 kJ mol! 
(ii) CuSO4.5H50,, + aq —> CuSO4(aq)3 
AoH = -11.7 kj mol! 
To Kind ч CuSO, sk 5H,0 (7) => CuSO,.5H50( 
Anya = ? 
Equation (i) can be written in two steps as : 
(iii) CuSO, A 5H20() —» CuSO,.5H50(; 
AH = AH, kJ mol! 
(iv) CuSO,.5H50,, + aq —> CuSO4(aq)s 
AH = АН, kJ mol! 
According to Hess's law, 
AH, + АН, = -65.5 kJ mol! 
Further, equations (ii) and (iv) are same. 
AH, = -11.7 Ю mor! 
Putting this value above, we get 
AH, - 11.7 = -65.5 
ог АН; = -65.5 + 11.7 kJ = -53.8 kJ mol 
(a): The standard enthalpy of formation of МН; 
is -91.8 kJ moll. 
=> 91.8 kJ of heat energy is required to decompose 
1 mole of NH3. 
Hence, for 34 g of NH; (2 moles) amount of heat 
required = 2 x 91.8 kJ = 183.6 kJ 
(b): For isothermal reversible expansion of an ideal 
gas 


w = -2.303 nRT log Y: 
Vy 


16 е 25 
= -2.303 x —x8.2x10 ? x300 x log — 
32 2.5 


= -28.32 L atm. 
Hence work done by the system = 28.32 L atm. 


28. 


29. 


30. 


31. 
32. 


(4): (а) М) Р ЭН) == 2NH3(¢) 
пр < п, hence increase of pressure will favour 
forward reaction. 


(b) 2HI(y = Hg + b 

пр = np, hence pressure has no еЙесі. 

(c) 2505( Р Оз === 2503(g 

np < n, hence increase of pressure will favour 

forward reaction. 

(d) Cis) a H350(g = CO) ЕЕ Hg 

np > n, hence increase of pressure will favour 

backward reaction. 

(e) 3Fér + АН,О (о == Fe30 4.) + АН) 
(Steam) 

пр = n,, hence pressure has no еХесі. 


_ NOF 
АСЯ 
K- (1.4x10 2)? 
c 


=1.23 
о culi 


МО == = Na+ 5 Org 


1 1 

JK, 2з 

(а): MX, => M?* + 2X" 
$ $ 2s 

Ky = s.(2s)" = 43° 


K —12 
sz z = ЧО -1x10*M 
4 4 
(d) 


(a): If n simple molecules of the solute A associate 
to form the associated molecule A, so that we have 
the equilibrium : 
nA == A, 

If о is the degree of association and we start with 
one mole of A, then at equilibrium 
Number of moles of A = 1 - a 
Number of moles of A, = &/n 

Total number of moles = 1 - & + &/n 
Since the colligative property is proportional to the 
number of moles of the solute present in solution, 


a 
1-a+— 
therefore, vant Ho factor i = n 
n(i—1 
hence, а= x ) 
-n 


33. 


34. 


35. 
36. 


37. 


38. 


39. 


40. 


41. 


42. 
43. 


ij лаг 
p 


100— 

=. 
100 100 

р; = 97 mm Hg 

(e): t =iCRT 

> mei 

Hence, KCl 
(Strong electrolyte) 


> CH3;COOH > Sucrose 
(Weak acid) (Non electrolyte) 


(c) 

(b): In disproportionation reaction, the same 

element undergoes reduction as well as oxidation. 
Reduced to 


Bus + 3NaOH (aq) + 3H50() > Pis 
+ 3NaHjPOj(, q) 


Oxidised to 


(e): Lower the reduction potential, higher will be 
the reducing power. 


[Alo _ 
[A], 


(a): 23,0; —> 4NO, T О, 


2.303 


a | log 2.303, 80 


lo 
4606 : 8 


25x10 s! 


1 
2 x Rate of disappearance of №0; 


- . x Rate of production of NO, 


Rate of production of NO; 


4 
"uu x Rate of disappearance of N5O; 


24-2. 
= | - 
200 


(a): 0.1 —22-5 0,05 —2> 0.025 


Hence, time taken = 2 x ty. = 2 x 30 = 60 min 


E! 
me 4x10? mol L min 
100 


-1 


(b): Higher the critical temperature of a gas, greater 
is the amount of gas adsorbed. 
Critical temperature (in kelvin) of 

Н, < CH, < SO, 

33.2 190.6 430.3 
Hence, the order the of adsorption will be 
Н» < CH, < 50). 


(c) : Physisorption does not require any activation 
energy. 
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44. (d): [Pt(NH3) Cl,] exhibits geometrical isomerism. 


Cl Cl 
ллы еды ;NH gi- МН 
S.T a 
cae Be SG МН; HN baiss N Cl 
cis-isomer trans-isomer 


45. (a): Complexes in which the metal atom or ion 
is linked to only one type of ligands are called 
homoleptic complexes. 


46. (e): Ethylenediamine (en) is a didentate ligand 
hence, 
Coordination number of Co = 6 
Oxidation number : 
x-2=41 > х= +3 
Outer electronic conXguration of Co? is 3d$. 


47. (e): О О 


OH 


5-Oxohexanoic acid 


48. (a): Н E | H 
o б 6 
00.6206 
H H 


o 


49. (b): 


Cyclopentadienyl cation 
Planar, 47-electrons 
(Antiaromatic) 


Cycloheptatrienyl cation 
Planar, 6n-electrons spread 
over the entire ring, 
(Aromatic) 


C) 


Cycloheptatriene 
Non planar, 6n-electrons 


(Non aromatic) 


Cyclopentadiene 
Non planar, 47-electrons 
(Non aromatic) 


Cycloheptatrienyl anion 
Planar, 87-electrons 
(Antiaromatic) 


CH; 
50. (c) rue з V20;/ALO3 
773 K, 10-20 atm 
qb Pu Cyclization (-H,) | 
СН» 


п-Нехапе Dehydrogenation 


-3H; 


Cyclohexane Benzene 


51. (b): Isomers have same molecular formula but 
diXerent structures. 
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52, 


53. 


54. 
55. 


56. 


57. 


sp sp sp? sp? sp) sp3 
(d: HC=CH > H,C=CH, > HC— CH, 
More the s-character of the hybrid orbitals, more 
electronegative is the atom and more is the acidic 
character of hydrogen attached to that carbon. 


Ozonolysis 


(d: CH;CH=CH—CH=CHCH, ———> 


2,4-Hexadiene 2CH4CHO + OHC—CHO 
Ethanal Ethanedial 


(d) 
(e): Nitration reaction is an electrophilic 
substitution reaction. Hence benzene will undergo 
nitration most easily because all other compounds 
contain deactivating groups. 
(d): When the molecule can be divided into equal 
halves, ie. the molecule has symmetry and the 
number (n) of asymmetric carbon atoms is even, 
then the total number of optical isomers 

— (7-1) ү 4(n/2)-1 


H H 
al. al 

a NE 
Br Br 


The molecule has symmetry i.e., can be divided 
into equal halves and it has two chiral carbon atoms 
(n=2). 
No. of optical isomers = 2 
CH; 


(2-1) + 202/2)-1 _ 3 


| Dehydrati 
(e): (a) CH; -CH-OH — = 
Isopropyl alcohol | 
CH3;—CH=CH, 


CH, 


Dehydration I 
= CH;—C—CH; 
H 


б 
(b) CH,-c —OH 


CH; 
Tertiary butyl alcohol 


Dehydration 
(c CH,;CH,CH,CH,OH ШЕ A 
n-Butyl alcohol 


CH4—CH;—CH-CH,; 


i 
Dehydrati 
(d) CH3;—C—CH,—OH ehy 1 
| H 
CH; 
Neopentyl 
alcohol CH; CHa 
CH4—C-CHCH, CH3;—C—CH)CH3 
(Major) (Minor) 


59. (c): Neopentyl 


OH 
| Dehydration 
(e) CH3—CH, —CH— CH, — CH; Ht 
3-Pentanol 
CH;—-CH=CH—CH,—CH; 
Pent-2-ene 


Only pent-2-ene has two diXerent groups attached 
to doubly bonded carbon atoms hence, it will show 


cis-trans isomerism. 


. (b): Wurtz reaction can occur in the following 


Ways : 
СН» CH; 
CH3— -CHBr + BrCH,— сн СН; 
сн, 
| 
СН» СН» 
CH3— с- CH,—CH), _CH—CH, 
СН; 


2, 2, 5-Trimethylhexane 


СН; CH3 
CHj—C—CH,Br + BrCH,— с- СН; 
cH, | он, 
(Hs (Ha 
E M EE —CH3 
CH; CH; 


2, 2, 5, 5- Tetramethylhexane 


gh gh 
СН; = CH—CH,Br +BrCH,—CH—CH3 


mol 

CH3 EE CH—CH), Em СН, EN CH— СН; 
2, 5-Dimethylhexane 

chloride 


hence it 


does not have any 


B-hydrogen, does not 


dehydrohalogenation reaction. 


undergo 


60. (d): Stephens reaction is used for the preparation of 


aldehydes. 


H4O* 
RCN + SnCl, + НСІ —> RCH= NH ——> RCHO 


61. 


62. 
63. 


64. 


65. 


66. 


67. 


68. 
71. 


(с): It is a cross aldol reaction. 
CsH,;CH=O+CH3—CO — CH5 
NaOH -H20 


CsH5CH=CH—CO— СН; 
1,3-Diphenylprop-2-en-1-one 
(c) 
(c): It is a Friedel – CraXs reaction. 
OCH; OCH; 


CH,COCI 


Anhyd. AlCl; 
Anisole 


COCH; 
4-Methoxyacetophenone 
(e): The isomers are 
CH; — CH; — CH; — СН, 
аа а... 
МН, 
е 
CH, 


NH, 


CH, 
сні мн, 
сн, 
СН; МН СН, СН, 
CH4-NH—CH-—CH; 
CH, 
CH,— CH; — NH — CH; 
CH4—N—CH;-CH,; 
CH; 


CH; 


CH; 


(d): Gabriel phthalimide synthesis is used for the 
preparationof1°aliphaticamines. Ethylmethylamine 
is a 2° amine. 

(d): Secondary amines give an alkali insoluble 
product with p-toluenesulphonyl chloride. 


(b): In cyclohexylamine, there is no delocalisation 
of the lone pair of electrons on nitrogen whereas 
in aniline,  o-nitroaniline, o-toluidine апа 
p-methoxyaniline, the lone pair of electrons is 
delocalised on benzene ring. 


(d) 69. (с) 70. (e) 
(d) 72. () 
oe 


@ 
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Boat form of cyclohexane has 

(a) relative energy about 28.9 kJ mol” higher than 
that of chair form 

(b) relative energy about 28.9 kJ mol! lower than 
that of chair form 

(c) relative energy about 44 kJ mol” higher than 
that of chair form 

(d) relative energy about 22.2 kJ mol! lower than 
that of chair form. 


From B,H, all of them can be prepared except 
(a) Н,ВО; (b) NaBH, 
(c) B,(CH3)¢ (d) B203 


Which pair shows a contraction in volume on 
mixing along with evolution of heat? 

(a) СНС, + СН (Ы) H,O + НСІ 

(с) H,O + HNO; (а) All of these 


Among the following, the most reactive towards 
alcoholic KOH is 
(а) CH, = CHBr 
(c) CH3;CH,Br 


(b) CH;COCH,CH,Br 
(d) CH;CH,CH,Br 


One mole of peroxydisulphuric acid on hydrolysis 

produces 

(a) 1 mole of H,O, and 1 mole of H,SO, 

(b) 1 mole of H,O, and 2 moles of H,SO,4 

(c) 1 mole of H5SO; and 1 mole of H,SO, 

(d) depends upon conditions of hydrolysis whether 
(b) or (c). 


H3PO, is a tribasic acid and one of its salts is 
NaH,PO,. What volume of 1 M NaOH should 
be added to 12 g NaH;PO, (mol. mass = 120) to 
exactly convert it into Na3PO,4? 

(a) 100 mL (b) 300 mL 

(c) 200 mL (d) 80 mL 


The major product of the reaction of hypochlorous 
acid with ethyne in diffused sunlight is 

(a) Cl—C=C—Cl (b) CH;CI— CHO 

(с) CbLCH— CHO (d) ССН — COOH 
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ALLENGING 


OBLEMS 


10. 


11. 


12. 


Which products are expected from the 
disproportionation reaction of hypochlorous acid? 
(a) HCIO; and CLO (b) HCIO, and HClO, 

(c) HCl and СЬО (d) НСІ and HClO; 


In a face-centred cubic arrangement of A and B 
atoms in which A atoms are at the corners of the 
unit cell and B atoms are at the face centres, one of 
the A atoms is missing from one corner in unit cell. 
The simplest formula of the compound is 


(а) А/В; (b) АВ; 
(с) АВ (d) Ag/7B3 
O— CH, 
HI 
reflux 
(Anisol) 


Mechanism followed and the major products are 


OH 

(a) CY „Сну 
І 

(b) sa CT , CH,OH 
OH 

(c) se ЕЙ ‚Сну 


І 


(d) Syl; Cy , CHOH 


Which of the following is incorrect about borax? 
(a) Produces alkaline solution in water. 

(b) Produces buffer solution in water. 

(c) Produces blue bead on heating with CaSO,. 
(d) Used as an acidic flux. 


The compressibility factor (Z) for one mole of a gas 
is more than unity at STP. Therefore 

(а) V=11.2L (b) У < 22.38 L 

(с) V»2238L (d) V= 22.38 L 


13. 


14. 


15. 


16. 


17. 


18. 


Neopentyl chloride reacts with benzene in presence 
of a Lewis acid (АІСІ,) to form 


(a) (Ov CH4C(CH3)5 


CH;CH; 


| 
€) (Oy- CCH», 
(с) (О)—ссну» 
(д ({©)-сн,сн(сну), 


Select the incorrect statement about alkaline earth 

metals. 

(a) Solubility of sulphates decreases down the 
group. 

(b) Solubility of hydroxides decreases down the 
group. 

(c) Thermal stability of carbonates increases down 
the group. 

(d) Basic nature increases down the group. 


An endothermic reaction is non-spontaneous at 
freezing point of water and becomes feasible at its 
boiling point, then 

(a) AH = -ve, AS = +ve 

(b) both AH and AS are +ve 

(c) both AH and AS аге -ve 

(d) AH = +ve, AS = -ve 


| 
R—C—OH does not show the characteristic 


properties of >C = O group, because of 

(a) resonance 

(b) +I effect of R group 

(c) weak bond between ‘©’ and H’ 

(d) —OH group which is electron withdrawing 


group. 


Strong oxidising agent A 
; — >Y ү; 
Graphite (oxidation) (acid) Dehydration . Yis 
(a) C30, (b) CO 
(c) CO, (d) C1209 


If the rate of reaction is r = k[X] i ?LY] 25 what is the 
unit of rate constant? 
(a) mol!? 1723 time” 
(b) mol”? LI? time! 
(c) то!!/6171/6 time! 
(d) 101910 time! 


1 


19. 


20. 


21. 


22. 


23. 


24. 


25. 


Which of the following cannot be used to distinguish 
between HCOOH апа CH;COOH? 

(a) Tollens reagent (b) FeCl; (dilute) 

(c) NaHCO, (aq.) (d) SOCI, 


Which of the following contains two S-atoms 
bonded to each other? 
(а) H55505 
(c) H5S50g 


(b) Н,5,04 
(d) All of these 


Which of the following statements is incorrect? 

(a) Adsorption lowers the activation energy of 
reaction. 

(b) In a micelle, polar end is at the inner surface. 

(c) Cetyltrimethylammonium bromide forms 
cationic micelle. 

(d) When pressure has no effect on extent of 
adsorption, the pressure is known as saturation 


pressure. 
(B) 284 disti aoe 
c EPCS y D, What is ‘D? 
NH; 
(a) О) (b) 
OH COOH 


OH 
(c) (d) 


Which of the following is incorrect w.r.t. noble 
gases? 

(a) Kris produced during radioactive disintegration. 
(b) Rn is radioactive. 

(c) O, + He is used by divers. 

(d) Ne light cannot be stopped by fog. 


A galvanic cell is composed of two hydrogen 
electrodes, one of which is a standard one. In which 
of the following solution should the other electrode 
be immersed to get maximum EMF? 

(a) 0.1 M HCl (b) 0.1 М CH4COOH 

(c) 0.1MH3PO, (d) 0.1 M H5SO, 


In Liebermanns nitroso test 

(a) phenol reacts with nitroso acid 

(b) aniline reacts with nitrous acid 

(c) phenol and aniline react with NaNO, + НСІ 
(d) none of the above. 
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26. 


27, 


28. 


29. 


30. 


31. 


32. 


33. 


© 


Which of the following pairs of ions do not form 
alums? 

(a) NHj, K* (b) Lit, Mg* 

(с) Fe?*, AP* (d) Fe^*, Сг?" 


In the titration of Na,CO 3 with НСІ, indicator used is 
(a) phenolphthalein 

(b) methyl orange 

(c) both (a) and (b) 

(d) none of these. 


The number of chiral C-atoms in glucose and 
fructose are respectively 

(a) 3,3 (b) 44 

(c) 3,4 (d) 4,3 


Which of the following does not produce any 
gaseous product when reacts with water? 

(a) Ca4N5 (b) CaC, 

(c) CaO (d) Ca4P, 


The stabilisation of a dispersed phase in a lyophobic 

colloid is due to 

(a) the adsorption of charged substances on 
dispersed phase 

(b) the viscosity of the medium 

(c) the formation of an electrical layer between two 
phases 

(d) none of these. 


In soaps, sodium rosinate works 
(a) to enhance lathering properly 
(b) as antiseptic 

(c) as hardening agent 

(d) all of these. 


In which of the following compounds, Ce is in its 
most stable oxidation state? 

(а) CeH, 

(b) Ce(OH); 

(c) (NH4)o[Ce(NO3)g] 

(d) Ce(SO,4), 


Let the solubilities of AgCl in H,O, 0.01 М CaCL, 
0.01 M NaCl and 0.05 M AgNO; be sj, $), S3 
54 respectively. What is the correct relationship 
between these quantities? 

(Ksp for AgCl = 1.5 x 10-19) 
(b) 5,>5›=53> 54 

(d) s4 > s2 > 53> 51 


(a) 5,>5›>53> 54 
(с) s1 > $4» $3» $4 
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34. 


35. 


36. 


37. 


38. 


39. 


40. 


41. 


42. 


Orlon is a polymer of 
(a) CH,= CH— C,H; 
(b CH, =CH—CN 
(с) CF,=CF, 

(d) CH; -CH=CH, 


Which method is not correct for reXning of crude 
metals? 

(a) Distillation : Zinc and mercury 

(b) Liquation : Tin 

(c) van Arkel : Zirconium 

(d) Mond process : Lead 


The energy required to break one mole of CI — СІ 
bonds in Cl, is 242 kJ mol !. The longest wavelength 
of light capable of breaking a single Cl — Cl bond is 
(с= 3 х 105 m s! and №, = 6.02 x 10? mol!) 

(a) 493 nm (b) 594 nm 

(c) 640 nm (d) 700 nm 


Which amino acid can form covalent sulphur— 
sulphur bonds? 

(a) Cysteine (b) Glycine 

(c) Proline (d) Methionine 


In [Ni(CO),], [Ni(CN),]?” and [NiCL]^- species, 
the hybridisation states at the Ni-atom respectively 
are 

(a) ѕр?, dsp’, dsp? (b) ѕр?, dsp”, sp? 

(c) sp?, sp®, dsp’ (d) dsp?, sp?, sp? 

How many unit cells are present in a cube-shaped 
ideal crystal of NaCl of mass 1 g? 

(a) 2.57 x 10?! unit cells 

(b) 5.14 x 10?! unit cells 

(c) 1.28 x 10?! unit cells 

(d) 1.71 x 10°! unit cells 


Tertiary amine is oxidised to oxide by 

(a) KMnO, (b) H,0, 

(c) K;Cr;0; (d) all of these. 

A lanthanoid has n unpaired electrons in f-subshell 


and has lilac colour. Which colour is likely for 
another lanthanoid having 14 – n unpaired electrons 


in f-subshell? 
(a) White (b) Black 
(c) Lilac (d) Complementary of lilac 


If 340 g of a mixture of N, and H, in the correct 
ratio gave 2096 yield of NH3, the mass produced 
would be 
(a) 16g 
(c) 20g 


(b) 17g 
(d) 68g 


43. 


44. 


45. 


46. 


47. 


48. 


49. 


50. 


The non-aromatic compound among the following 
is 
oQ D 
Q «Xd 
(с) е (d) 


Which of the following gases has least solubility in 
aq. NaOH solution? 

(a) CO, (b) SO, 

(c) H,S (d) NH; 


Select the correct order of bond strength. 

(a) O, > O} > 03 > 077 

(b) OF > O3 > O} > O, 

(c) O$ > O, > 03 > OF 

(d) 07> 03> О» > О$ 

An acid chloride on reaction with H,/Pd - BaSO, 
changes to (CH3), CHCHO. This acid chloride on 
reaction with CH4MgBr/H3O* gives 

(a) (CH3);COH 

(b) (CH3), CHOH 

(c) (CH3;CHCOCH; 

(d) (CH3),CHCHO 


Which of the following is not formed at 
Antarctica? 


O 
[| 


О 
(a) CI-CO—NZ (Ы) R-C—O—O—NO, 
O 


(c) Type-I clouds (d) Polar vortex 


The mass of 50% (mass/mass) solution of HCl 
required to react with 100 g of CaCO; would be 


(a) 73g (b) 100 g 
(c) 146g (d) 200 g 
Reagent used to convert the following alkyne to 
alkene is 
A >A 
г 
СН,С= ССН; CH2 ^H 
H^ “сн; 
(а) Pd-C/H, (b) Ма/ҸН, 
(с) М/Н, (а) all of these. 


Which of the following is isostructural with 
Cr 0O27? 
(а) $077 
(с) 5087 


(b) S205 
(d) 5,05 


SOLUTIONS 


l; 
1 


(а) 
(с) : B;Hg F 6H O =} 2Н,ВО; + 6H, 

BH, + 2NaH —> 2NaBH, 

В,Н, + 30, ==} B20; + 3H,O 
(d): All the pairs show negative deviations from 
Raoultťs law hence, AH mixing and ЛУ mixing both are 
negative. 

i 
(b): In СН;—С— ae —CH,—Br, the encircled 
Н: 


hydrogen is more acidic due to electron withdrawing 
O 


effect of the ET group, therefore it can be easily 
abstracted by a base. Further, the product formed 
is stabilized by resonance due to conjugation of the 
double bond. 


ji 
Сн; C— € 


ЇН: О 


H — CH; —Br + KOH qj.) > 


|| 
CH3— C— CH=CH, + KBr + H,O 


(d) : The choice (c) is correct for partial hydrolysis 
and (b) is correct for complete hydrolysis. 

H,S,08 + H,O —> H5SO, sk H5SO; 

H5S50g T 2H,O —> 2H5SO, + H,0, 

(c) : meq. of NaH,PO, = meq. of NaOH 


Thus, 


2 ЕИ V= 200 mL 


OH 
(c): CH  &à CHOH CHS 
|| + НОСІ— || нос [NOH 
CH CHCl CHCI, 
Ye „H (Unstable) 
| -H,O 
CHCI, 


2, 2- Dichloroethanal 
(d): During disproportionation reaction, same 
compound undergoes simultaneous oxidation and 


reduction. 
Oxidation 


+1 al +5 
3HOCI—>HCI + HCIO; 
LS 
Reduction 
(c) : No. of atoms of A from corners of unit cell = 7/8 
No. of atoms of B from faces of unit cell = 3 
Thus, A: B = 7/8 : 3 or 7: 24. Thus, formula is 
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10. 


11. 


12. 


13. 


14. 


15. 


16. 


127: 


o 


OH 
+ СН; 


T 


(c) : Bead produced with CaSO, is colourless 
Са(ВО,),, because Ca?* is a colourless ion. 


{фейз Т”. 
пКТ 
РУ sI = ys 1х0.082 х 273 
nRT 
=> V»2238L 
i 
(b): +CH;—C—CH,Cl 
Benzene CH, 
Neopentyl chloride 
anhy. AICI, 
(HCH; 
CH;—C—CH, 
+ HCl 


2-Methyl-2-phenylbutane 


(b) : Solubility of hydroxides increases with increase 
in atomic number down the group. 

(b): AG = AH - TAS 

At low T, AH and AS both are +ve and AG is also 
+ve (non-spontaneous). At high temperature, 
TAS » AH and AG - -ve (spontaneous). 


OF 
P VAZ 
К-С RC. s 
^Ó—H SO-H 


(d) : 
.,. Alk. KMnO, 
Graphite 5 7 5 C ,H_,O, + Ce(COOH)g 


Oxidation 
Oxalic acid — Mellitic acid 
or Benzenehexacarboxylic 
acid (X) 
A|-3H,O 
C1209 
(Y) 
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18. 


19. 


20. 


21. 


22, 


23; 


24. 
25. 
27. 


28. 


1 2 
(d) : Order of reaction = 5 + ^ =1. 


Unit of rate constant for 1° order reaction = time! 


О 


[| 
(c): H—C—OH reduces Tollens reagent due to 


E — H group. 

CH3COOH gives wine red colour of (CH3;COO)3Fe 
on reacting with FeCl4. 

HCOCI (formed by reaction of HCOOH and 
ЅОСІ)) is unstable and gives CO. 

NaHCO; reacts with both the acids to give the same 
gas СО». 


(d): 


оо 
ч O E 
HO^ NOH HO^ SA HO^ nn OH 
S О оо 
H,S,0, H5550, H5506 


Thiosulphurous acid — Dithionous acid Dithionic acid 


(b) : In a micelle, polar head is at the outer surface 
and non-polar tail is at the inner surface. 


NO, 
Fe/HCl/steam. © 
DER P UD, 


(A) + (B) 


NC 
© H;PO,/H,O © NaNO,/HCl 
«—— ——— 
^ 


0-5*C 

(D) (C) 
(a):It is Rn which is obtained during nuclear 
disintegration. 
(d) : 0.1 M H5SO, will liberate maximum Н? ions. 
(b) 26. (b) 
(b): In the titration of strong acid against weak 
alkali, methyl orange is used as an indicator. 


(0: н о H 
NL | 

C H-C-OH 

H—C—OH 0=0 

HO-C-H но—С—-н 

H—C—OH H-C-OH 

H—C—OH H-C-0H 

CH,OH CH,OH 

Glucose Fructose 


29 


30. 
32. 


33. 


34. 
35. 


36. 


37. 


38. 


39. 


(c) : Ca;N, + 6H,0 —> 3Ca(OH), + 2NH;T 
CaC, + 2H,0 —> Ca(OH), + C;H;T 

Ca;P, + 6Н,О —> 3Ca(OH), + 2РН;7 

CaO + Н,О —> Са(ОН), 


(c) 31. (a) 


(b) : Most stable oxidation state of Ce is = 43 i.e., in 
Ce(OH)3. 


(c) : Solubility of AgCl in water, s; = JK,, 
In 0.01 М CaCl, it is given by 


Kg, =s x (0.01 x 24 5) жо 

In 0.01 M NaCl, it is given by 

K,=sx(00l+s) . з= К» 
0.01 

In 0.05 M AgNO,, it is given by 

K,=sx(0.05+s) 2. s4- Ky 
0.05 


The solubilities are derived by neglecting s in 
comparison to 0.02, 0.01 and 0.05. 
(b) : Orlon is a polymer of vinyl cyanide. 
(d) : Mond process is used for reXning of nickel. 
hc 66x10 ?* x3x10? 
A A 
E= 242 kJ mol! = 242 x 10° J mol! 
| 242x10 
= 60210) 
66x10 ?^x3x10?  242x10? 
X © 602x102 
=> À= 492.5 пт 


(a) : Two cysteine molecules covalently link via a 
disulphide bond. 


8 

(b) : In [Ni(CO),], Ni: 
452 
shilXs to acquiring 
ѕр? -hybridisation. 
In [Ni(CN),]7, Ni2*: 3d? 
shiXs to as СМ isa 
strong Meld ligand acquires dsp?-hybridisation. 
In [КИС]? Ni?*: 34° 
acquires sp^-hybridisation because 
CI is a weak Meld ligand. 
(a): One unit cell in NaCl lattice has 4 NaCl 
formula units. 
4 x 58.5 g NaCl = 6.02 x 10? unit cells 

(1 mole unit cells) 


(a): E= 


per molecule of CI — Cl bond 


40. 


41. 


43. 


45. 


46. 


47. 
48. 


49. 


50. 


23 
1 g NaCl = 60210 _ 2.57 x 107 unit cells 
4x58.5 
(b): RN+ [О] —225 R,N>O 


(Amine-N-oxide) 


(c) : For the same number of unpaired electrons, 
the colour is likely to be very similar. 


‚ (4): 20% yield of NH; and thus, 
20x340 
20% of 340 g is = = =68g 
(b) 
(d) : Basic gas (NH3) does not dissolve in basic NaOH 
solution. 
(c) : | Species Totales Bond order 
O5 15 2.5 
О, 16 2.0 
О; 17 1.5 
OF 18 1.0 
Bond strength increases on increasing bond order. 
(с): 
Ра—Ва$О, 
(CH4),CHCOCI— — —» (CH), CHCHO + HCI 
An acid chloride An aldehyde 
+ 
CH4MgBr 
H,O+ 
(CH3)2CHCOCH, 
A ketone 


(b) 
(c) : eq. of HCl = eq. of CaCO; 
"hisce a, gy rE 


T SB 50 
50 g HCl is present in 100 g HCI solution and 
thus, mass of solution required for 73 g НСІ 
_ 73x100 _ 
= UE 


146 g 


(b) : Birch reduction of non-terminal alkynes with 
Na/NH; gives trans-alkenes. 


(а) : Cr,0% and $,0% are isostructural. 
O O 
[| [| 
-e IL NAZI Nae 
О о °о OC 


Where, М = Ст and $. 
%% 
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$c CONCEPT 
^p BOOSTER 


7 Dear students!! Hope you have started your preparation for competitive examinations. In physical chemistry part of Class XII, T 
maximum students face problems in Solid State. This article will help you in solving problems. Hope you will enjoy it. 


Take care !! 
*Arunava Sarkar 
Li 
7. White tin crystallizes in tetragonal system where 
1. NH,Cl crystallizes in a body centred cubic lattice a =b -510 pm and c = 325 pm. Its density is found 
pattern. Edge length of the unit cell is 400 pm and to be 4.675 g cm. Calculate the number of atoms 
radius of Cl is 150 pm. Calculate the radius of the in the unit cell. (At. wt. of Sn = 119) 
+. 
МН, ion. 8. Given : a = 100 pm, 
2. А solid XY has the following crystal structure : c — 200 pm. A solid 
metal “М” crystallizes in 
hexagonal close packing 
At the face : 
е. pattern as shown in the 
At the face EFGH figure. 
centre of Density of the solid metal 
AUD is 240 g cm™?. How many 
atoms are there in the given | €—— 7———53 
Identify which type of coordination is exhibited unit cell? 
here. (Given : Avogadro s number = 6.023 x 10%, Atomic 
= -1 
3. CsBr has bcc type structure where edge length is са 
5.2 pm. Find out the shortest interionic distancein 9. Calculate Һе radius of the spheres of maximum 
the structure. size that can be exactly fitted in the following voids 
4. A metal “М” crystallizes in bcc structure. How made by the spheres of radii R. 
many ‘nearest’ and next ‘nearest’ neighbours does (a) Triangular void (b) Tetrahedral void 
the metal have? (c) Octahedral void (d) Cubic void 
5. Ап element crystallizes in a bcc pattern where the 10. NaCl has fcc lattice. How many ions are in contact 
edge length of the unit cell is 0.39 pm. Density of with single Na* ion? 
E 24 Ж š 3 
ы, үнү peus Vhat ie tie Stande weight 11. The density of diamond is 3.54 g cm™ at 25°С. 
| Calculate the carbon-carbon bond distance in 
6. In a crystalline solid, anions ‘Z’ are arranged in diamond. 
cubic close packing and forms the structure of the 
12. X-ray diffraction experiment shows that nickel 


lattice. Cations ‘X’ occupy all the tetrahedral holes 
and cations ‘Y’ occupy all the octahedral holes. 
What will be the formula of the lattice/solid? 


oxide has the formula Nig,930 оо. What percentage 
of nickel exists as Ni?*? 


o 


* [nstitute of Chemistry (IOC)- Asansol, Durgapur, Dhanbad, Burdwan, Kolkata, Jamshedpur, Bokaro, Patna 
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o 


У с]- 


As it is bcc, hence, 
NEY = Ar + шн 


1/3 x 400 =(2 X150) 2n. 


=> 2r 4 =392.8pm > r „+ =196.4рт 


бун] мні 
Radius of the NH; ion = 196.4 pm 


These are not shown in 
the given figure. 


9) These two are 
not shown in 
the diagram. 


Therefore, it is a 6 : 6 coordination. 
In bcc type structure, shortest interionic distance 
will be po 4.5032 pm 


A D 


G F 

Take the ball ‘A’ as reference. Distance of ‘A’ from 
‘P’ or ‘F’ or ‘D’ will be equal i.e. equal to the edge 
length a. 

Now, distance between ‘A’ and ‘C’ or ‘A’ and ‘G’ or 
‘A and ‘F’ will be equal i.e. a2 =1.414a 


Distance between ‘A’ and ‘FP = a3 =1.732a 


ау 


and distance between ‘A’ and ‘I’ = US = 0.866a 
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6. Z=4 


So T is nearest to ‘A’ in the given unit cell. ‘A’ is 
also a part of other 7 unit cells (". corner atom is 
shared in between 8 unit cells). 

Nearest neighbours = 8 
Next nearest neighbour will be at distance a. 


__-> Not shown in the 
Zr res given diagram. 
А е : E 
ic. MENS 
Next nearest neighbours = 6 
ZxM 
d- з 
Муха 


[Z = по. of atoms in the unit cell, М = molar mass 
of the element, d = density of the crystal, a = edge 
length, No = Avogadros no.] 


0б= 2х М 
6.023 х1023 x (0.39 x 1019)? 
[In bcc, Z = 2] 
— pn 0:8% 6.023 x (0.39)? x107 
2 
= М = 0.107 х 10-7 g mol`! 
l. cep = fec] 


Total number of tetrahedral voids = 8 

Total number of octahedral voids = 4 
Number of cations, X = 8 

Number of cations, Y = 4 

Hence, X:Y:Z2=8:4:4=2:1:1 
Formula of the lattice is X, YZ. 


7. Base area=axb=510x 510 х 10720 cm? 


Volume = (a x b x c) 
510 x 510 x 10720 x 325 x 10-10 cm? 
= 51 х 51 x 325 x 10728 cm? 


d= ZXM | 7хМ 
No xa? No x (axbxc) 
Zx119 
4.675= 
6.023 x10% х51х51х325 x10 2? 
02х11 
4.675 = 3 
50.91 
4.675x 50.91 
й=————`———2 
119 


No. of atoms in the unit cell = 2 


8. This is the base part. A D 


AP L BC is drawn. 
AB=BC=a А 2 


T 
AP 
sin60? — AB 
N [1 M 
[In the AAPB] B Р С 7 E 
сы 
= AP = AB sin 60° a X 
= а sin 60? XY-2R- 2a 
Base area = BC x AP = a x a sin 60° Sphere taking place the tetrahedral void i.e. T is 
= а? sin 60° also toucing each other. 
Volume = a? sin 60° x c Ba 
ZxM Therefore, XT =R+r=—— 
No X Volume 2R | Ja hp 
TM Z x2h0 R+r 3a Ba 3 
6.023 x10? xa? sin60° xc 2 
R+ R+ 
240 = Z х250 rap > “—12247=1225 
6.023 x 102 x (100)? x sin60°x 200 x107? R ; 2 R , 
l+ —=1.225 = — = 0.225 
Z X250 
240= 2 К К 
6.023 х 0.866 x 2 x 107? х10730 г= 0.225 К 
(с) An octahedral void will look like below : 
x 
2402 —4 290 — 7x 2396 


10.43 х107! Ө D 
240 Д «| 
Z- =] 
239.6 2 = 
г. No. of atoms in the unit cell = 1 Zu N 
9. (a) Construction of triangular void is as below: 


ZNQM - 45? 

MN 1 2R R 
— = = 

NQ J2 2R+2r R+r 


sin 45° = 


R+ 
Leu = 14-144 > Loom 
R R R 


r=0.414R 
XZ=R+r:-XY=R: ZZXY = 30° (d) A cubic void will look like below: 


o ХҮ _ К 
cos30 cmm ZO 


C 
о 
З R Rer 2 E 
— = 


2 Rer R B LESE: 


T 2 T 2 x Y 
1+—= > = —120.155 

R 3 R 3 Cubic void is at position C. 
r 2 0.155R PN | Ba 
(b) A tetrahedral void will look like below : 5 

Spheres X апа Ү are touching each other. XY-2R-a 
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Ba а? = 4.5025 x 10-29 => a=3.5575 x 1078 


| К+г 2 Ba 1/3 re а= 3.5575 А 


= = To check carbon-carbon distance, the shortest опе 
2R a 2a 2 


which is a tetrahedral void carbon and its nearest 


2R +2r=2V3R corner is taken as in the diagram M and N. 
2r = 2R(V3 -1) =2Rx0.732 : : 
(43 -1) КОК СЕ ооо. 
т = 0.732Е 4 4 
10. In fcc structure of NaCl, Na* ions will be presentat 12, As the formula is Nig 95O oo; hence it suggests metal 
the edge centres i.e. octahedral voids. deficiency defect. As per the formula, for every 100 
Look at the following diagram : oxide ions there are 98 nickel ions. Nickel ions can 


be in the form of either Ni?* or Ni?*. Suppose, out 
of 98 nickel ions, x are Ni**. Hence (98 - x) are 


МГ" 
Therefore, 
xx 2 + (98 – x)3 = 100 x 2 Compound is 
Lo] LJ electrically 
Total positive charge Total neutral 
negative 
charge 
=> 2x+294-3x=200 = х= 94 


i2 
P is the position of Na* ion. 94 are Ni^*. 


A, B, C, D, E, F, G, H, I, J, K, L are the positions of ^ % of NiZt = 2A 100 = 95.9183% 

СГ ions shown in the diagram. 98 

СГ ion at ‘F’ and ‘G’ are belonging to the nearest ee 
unit cells, i.e. adjacent unit cells (one at the left side O 
and the another at the top of this). But out of these Your favourite MTG Books/Magazines available in 
CI- ions, only C, D, H, G, E, F are touching the KERALA at 

Na* ion at P. Hence six CI ions are in contact with 
single Na* ion. 


DHYAN PRAKASHAN BOOK, OPP. VAZHUTHACAUD, 
TRIVANDRUM PH : 9497430066 


IDEAL BOOK CENTRE, PULIMOODU, TRIVANDRUM 
Ph: 9645163611 


H & C STORE, MAVOOR ROAD, CALICUT 
PH : 0495-2720620 
at the face centres or at 


the corners) H & C STORES-TDM HALL-ERNAKULAM, 
Gs Dimmondatoms atte Ph: 0484-2352133/2351233 


alternate tetrahedral voids VIDYA BOOK HOUSE- KASARAGOD, 
Mobile : 9447727212 


H & C STORE-KOLLAM, PH : 0474-2765421 
So, total diamond atoms 
i j H AND C STORE - KOTTAYAM, PH : 0481-2304351 
= ( x— } ( x Ji 4=8 TBS PUBLISHERS AND DISTRIBUTORS, KOZHIKODE, 


11. Diamond has the fcc structure and more four atoms 
are present at the alternate tetrahedral voids. 


€ — Diamond atoms (either 


PH : 0495-2721025,2720086,2721414 


2=8 GIFTALIA BOOK BHAVAN-THRISSURE, 
ZxM 8x12 E - 
ds = = 3.54— - ; PH : 0487-2336918 
Муха 6.023x10" xa Visit “MTG IN YOUR CITY" on www.mtg.in to locate 
a= 96 nearest book seller OR write to info@mtg.in OR call 
3.54 x 6.023 x 102? 0124-4951200 for further assistance. 
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СНЕМІЅТЕУ MUSING 


1. 


Ф 


(a) : Fe,(C,O,)3 <= 2Fe?* + 3C,07 


1 mol 3 mol 


Only СО is oxidised by MnO;, 
2МпО; + 16H* + 5C,07. —9 2Mn** 

+ 10CO, + 8Н,О 
= 2 mol of MnO; 


2 
3 mol of C,O7 = e 


5 mol of CJOZ- 
x3= : mol of MnO; 


FeC,O, 2 Fe** + C07 
5Fe?* + MnO; + 8H* —> 5Fe** + Mn”* + 4H,O 
5C,07 + 2МпО; + 16H* —> 10CO, + 2Mn** 

+ 8H,O 


5 mol of FeC,0,= 3 mol of MnO; 


1 mol of FeC,O,= 2 mol of MnO; 


1 mol of Fe(C;O4), = 2 mol of MnO, 


Thus, ratio of MnO; кк by 1 mol of Fe,(C,0,4)3 
and FeC,O, = 2 : 1. 


12 
ю+@йизвзлә F4 
19 
(2) COLE = =38 
26 
(3) CIC aeri PEE 


- 2 
(4) COLZE = -= 4.166 


The increasing order of 0/7 bond ratio is 

(3) < (2) < (1) < (4). 
(c) : Fe?* + e —» Fet 

NO —> NO'«e& 
Based on magnetic properties of the complex, it is 
found that iron has three unpaired electrons thus, it 
is present as Ее” formed by reduction of Fe** by NO 
which is oxidised to NO*. 
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10. 


(b): 2Na(,, + 21 (aq) + Не) —> 2Na(45 + Не ш) 
The number of mole particles decreases from 
4(2Na* + 217) to 3(2Na* + Hgl;). Hence, the 
colligative property will decrease or, the vapour 
pressure of solution will increase to a constant value 


until Nal is completely consumed. 


NHC H, 
(b): 1. Fe, НСІ = ш 2. NaOH © 
ый eee 3. о! 
benzene H,SO, 


h 
N,HSO; 


OH 
CI Cl 


p-Chlorophenol 
(a) 


(b): Heat transferred to the calorimeter 
= Heat capacity of the calorimeter x Rise in 
temperature 
= 17.7 kJ K`” x (0.5 К) = 8.85 kJ 
Molar mass of CH, = 12 + 4 = 16 g mol! 
Enthalpy of combustion of CH, at constant volume 
(ie, AE) = (Sx в) = -885 kJ mol! 
0.16 
(а): СН + 204 > СО) + 2H;0q 
AH = AE + An,RT 
= -885 + (-2 x 8.314 x 10? x 300) 
= -885 - 4.988 
= -889.988 kJ тог! 


CH CONH, Br,/NaOH 
(1): ———5 
COOCH, 
d 
e Lm -CH,OH VES ы 
T ^ 
(CH, a 
о UU О 
(8) 
ФФ 


SOLVED PAPER 2015 


Category I (Q.1 to Q.30) 


Each question has one correct option and carries 
1 mark, for each wrong answer 1/4 mark will be 


3 n 
pur CH, HBr (1 equiv.) 
"dd 


The major product of the above reaction is 


CH; 

H 

(a) MA 3 
Br 


(d) aces 


The product of the above reaction is 


Arunava Sarkar, West Bengal 


For the reaction A + 2B —> С, the reaction rate is 
doubled if the concentration of A is doubled. The 
rate is increased by four times when concentrations 
of both A and B are increased by four times. The 
order of the reaction is 

(a) 3 (b) 0 

(c) 1 (d) 2 


Ata certain temperature, the value ofthe slope ofthe 
plot of osmotic pressure (л) against concentration 
(C in mol 17!) of a certain polymer solution is 
291R. The temperature at which osmotic pressure is 
measured is (R is gas contant) 

(a) 271°C (b) 18°C 

(c) 564K (d) 18K 


The rms velocity of CO gas molecules at 27°C is 
approximately 1000 m/s. For N, molecules at 600 K 
the rms velocity is approximately 

(a) 2000 m/s (b) 1414 m/s 

(c) 1000 m/s (d) 1500 m/s 


A gas can be liquefied at temperature T and pressure 
P provided 

(a) T=T,andP<P. (b) T< T, and P» P, 

(c) T» TL andP»P, (d) T» Т.апар <Р, 


In a mixture, two enantiomers are found to 
be present in 85% and 15% respectively. The 
enantiomeric excess (e, e) is 

(a) 8596 (b) 1596 

(c) 7096 (d) 6096 
1,4-Dimethylbenzene on heating with anhydrous 
AlCl, and HCI produces 

(a) 1,2-dimethylbenzene 

(b) 1,3-dimethylbenzene 

(c) 1,2,3-trimethylbenzene 

(d) ethylbenzene. 
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10. 


11. 


12. 


13. 


14. 


15. 


Ф 


СНО 


Те product of the above reaction is 


CH,OH 


„© 
СООН 


CH,07 
"C 

COOH 
CH,OH CH;O- 


C ®С 
COO COO 


Suppose the mass ofa single Ag atom is ‘m’. Ag metal 
crystallizes in fcc lattice with unit cell of length ‘a’ 
The density of Ag metal in terms of ‘@ and ‘m is 


4m 2m 
iu B 
a? a 
т т 
(c) = (d — 
а? 4а? 
For the reaction 28054 + Оҳо == 25Оз() 


at 300 К, the value of AG? is -690.9 R. The 
equilibrium constant value for the reaction at that 
temperature is (R is gas constant) 

(a) 10 atm! (b) 10 atm 

(c) 10 (d) 1 


At a particular temperature the ratio of equivalent 
conductance to specific conductance of a 0.01 (N) 
NaCl solution is 
(a) 10° cm? 
(c) 10cm? 


(b) 10° cm? 
(d) 10° cm? 


The units of surface tension and viscosity of liquids 
are respectively 

(а) kgms, Nm! (b) kgs? kgm !s'! 

(c) N m'!, kg mg? (d) kg sl, kg ms! 

The ratio of volumes of CH4COOH 0.1 (N) to 
CH4COONa 0.1 (N) required to prepare a buffer 
solution of pH 5.74 is (given : pK, of CH;COOH is 
4.74) 

(a) 10:1 (b) 5:1 

(c) 1:5 (d) 1:10 


Thereaction of methyltrichloroacetate (Cl3CCO, Me) 
with sodium methoxide (NaOMe) generates 

(a) carbocation (b) carbene 
(c) carbanion (d) carbon radical. 
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16. 


I7. 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


Best reagent for nuclear iodination of aromatic 
compounds is 

(a) KI/CH43COCH; 
(с) KI/CH4COOH 


(b) L/CH4CN 
(d) L/HNO; 


In the Lassaigne’s test for the detection of nitrogen 
in an organic compound, the appearance of blue 
coloured compound is due to 

(a) ferric ferricyanide 

(b) ferrous ferricyanide 

(c) ferric ferrocyanide 

(d) ferrous ferrocyanide. 


In the following reaction : 


H;O* 
RMgBr + HC(OEt); — s 37 р 


The product ‘P’ is 
(a) RCHO 
(c) R4CH 


(b) R,CHOEt 

(d) RCH(OEt), 

The dispersed phase and dispersion medium of fog 
respectively are 
(a) solid, liquid 
(c) liquid, gas 


(b) liquid, liquid 
(d) gas, liquid. 


The decreasing order of basic character of K,O, 
BaO, CaO and MgO is 

(а) КО > BaO > CaO > MgO 

(b) K,0 > CaO > BaO > MgO 

(c) MgO > BaO СаО > K,O 

(d) MgO > CaO > BaO > K,O 


In aqueous alkaline solution, two electron reduction 
of HO; gives 

(а) HO™ (b) H,O 

(c) О; (4) О; 


Cold ferrous sulphate solution on absorption of NO 
develops brown colour due to the formation of 

(a) paramagnetic [Fe(H,0);(NO)]SO, 

(b) diamagnetic [Fe(H;O)5(N3)]S5O, 

(c) paramagnetic [Fe(H50)5(NO3)](SO4); 

(d) diamagnetic [Fe(H5O)4(SO4)]NO; 


Amongst Be, B, Mg and Al the second ionization 
potential is maximum for 

(a) B (b) Be 

(с) Mg (d) Al 

Sulphuryl chloride (50,СІ,) reacts with white 
phosphorus (P4) to give 

(a) РС], SO, (b) OPCI, SOCL 

(с) PCl5 50, Cl; (d) ОРСІ,, SO, S2Cl, 
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25. The number of lone pairs of electrons on the central 
atoms of H,O, SnCl,, PCL, and XeF, respectively, are 
(а) 2,1,1,3 (b) 2,2,1,3 
(с) 3,1,1,2 (d) 2,1,2,3 


26. Consider the following salts: NaCl, HgCl,, Hg;CL, 
CuCl,, CuCl and AgCl. Identify the correct set of 
insoluble salts in water. 

(a) Hg Cl, CuCl, AgCl 
(b) HgCl,, CuCl, AgCl 
(с) Hg,Cl,, CuCl, AgCl 
(d) Hg;CL, CuCl, NaCl 
27. In the following compound, the number of ‘sp’ 


hybridized carbon is 
CH;=C=CH—CH—C=CH 


CN 
(a) 2 (b) 3 
(c) 4 (d) 5 


28. Match the flame colours of the alkaline earth metal 
salts in the Bunsen burner. 


(p) Calcium 1. Brick red 
(q) Strontium 2. Apple green 
(r) Barium 3. Crimson 
(a) р-1, q-3, r-2 (b) p-3, q-1, r-2 
(c) p-2, q-3, r-1 (d) р-1, 9-2, r-3 


29. Extraction of gold (Au) involves the formation of 
complex ions 'X' and ‘Y. 


Roasting РА 7п 
=? 
Gold ore CN HO, O; HO + X —>>Y + Au 


"X and ‘Y are respectively 
(a) Au(CN); and Zn(CN)?- 
(b) Au(CN); and Zn(CN)j- 
(c) Au(CN)3 and Zn(CN)g 
(d) Au(CN); and Zn(CN)3 


30. The atomic number of cerium (Ce) is 58. The correct 
electronic configuration of Ce** ion is 
(a) [Xe]Af' (b) [Kr]4f' 
(c) [Xe]4f ? (d) [Kr]4d! 


Category II (Q.31 to Q.35) 


Each question has one correct option and carries 
2 marks, for each wrong answer 1/2 mark will be 
deducted. 


31. Roasted copper pyrite on smelting with sand 
produces 
(a) FeSiO; as fusible slag and Cu,S as matte 
(b) CaSiO, as infusible slag and CuO as matte 
(c) Ca3(PO,), as fusible slag and Cu,S as matte 
(d) Fe3(PO,), as infusible slag and Cu,S as matte. 
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32. The total number of aromatic species generated in 
the following reactions is 


(ii) Q + Sodium metal E> 


iii) O3 + H,O —> 
NH, 

(iv) HOS. 

(a) zero (b) 2 

(c) 3 (d) 4 


33. For the reaction ХУ ——> 2XY; at 300 K 
the values of AU and AS are 2 kcal and 20 cal K`! 
respectively. The value of AG for the reaction is 
(a) -3400 cal (b) 3400 cal 
(c) -2800 cal (d) 2000 cal 


34. At temperature of 298 K the emf of the following 
electrochemical cell : 
Ар()]Ав (0.1 M)|[Zn^*(0.1 M)|Zn 
will be (given Ec; = -1.562 V) 
(a) -1.522 V (b) -1.503 V 
(c) 1.532 V (d) -3.06 V 


35. Addition of sodium thiosulphate solution to a 
solution of silver nitrate gives "X as white precipitate, 
insoluble in water but soluble in excess thiosulphate 
solution to give ‘Y’. On boiling in water, ‘Y’ gives ‘Z. 
'X;'Y апа Z respectively, are 
(a) Ag,S,03, Na4[Ag(S;O4);], AgoS 
(b) Ag SO, Na[Ag(S,03).], Ag252 
(c) Ag,S,03, Nas[Ag(S,O3)3], AgS 
(d) Ag,SO3, Na3[Ag(S,03).], Ag,O 


Category III (Q.36 to Q.40) 


Each question has one or more correct option(s), 
choosing which will fetch maximum 2 marks on pro 
rata basis. However, choice of any wrong option(s) 
will fetch zero mark for the question. 


36. Identify the correct method for the synthesis of 
the compound shown below from the following 
alternatives. 
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37. 


38. 


39. 


40. 


© 


T CH,CH,CH,CH,Cl HNO; 
a 
(b) CH,CH,CH,COCl ^ Zn/Hg HNO; 
AlCl, HCl/heat Н,804 
T CH,CH,CH,COCl, НМОз, Zu/Hg 
s AIG, ^ HO," HCL heat 
(a) f 3] CHiCH;CH;COCl, KMnO,, нхо, 
2 AICI OH- ^ H,SO, 


Within the list shown below, the correct pair of 
structures of alanine in pH ranges 2-4 and 9-11 is 
I. Hj4N'—CH(CH4)CO;H 

П. HjN—CH(CH3)CO; 

Ш. HN'—CH(CH4)CO; 

IV. H,N—CH(CH;)CO,H 

(a) LU (b) 1, III 

(c) IL III (d) IIL IV 


The increase in rate constant of a chemical reaction 

with increasing temperature is(are) due to the 

fact(s) that 

(a) the number of collisions among the reactant 
molecules increases with increasing temperature 

(b) the activation energy of the reaction decreases 
with increasing temperature 

(c) the concentration of the reactant molecules 
increases with increasing temperature 

(d) the number of reactant molecules acquiring 
the activation energy increases with increasing 
temperature. 


Optical isomerism is exhibited by (ox = oxalate 
anion, en = ethylenediamine) 

(a) cis-[CrCl,(ox),]* 

(b) [Co(en)3]** 

(c) trans-[CrCL(ox)5]^- 

(d) [Co(ox)(en);]* 


Ionization potential values of noble gases decrease 

down the group with increase in atomic size. Xenon 

forms binary fluorides by the direct reaction of 

elements. Identify the correct statement(s) from 

below. 

(a) Only the heavier noble gases form such 
compounds. 

(b) It happens because the noble gases have higher 
ionization energies. 

(c) It happens because the compounds are formed 
with electronegative ligands. 

(d) Octet of electrons provide the stable arrangements. 
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mn 
H 


SOLUTIONS 


HBr 


CH, 
(1 eq) 


NF 


[This —Br: takes part in resonance and generates a partial 
double bond character with benzene ring. Hence, only -С1 will 
be substituted. ] 

NH, 


Product is СГ 
Вг 


(c): A+2B—>C 
Reaction rate is doubled when the concentration 
of A is doubled. Again when both A and B are 
made four times, reaction rate also becomes four 
times. It means reaction rate is independent of the 
concentration of B. With respect to A, the order is 
definitely one. 

w.rt. A, order = 1 

w.r.t. B, order = 0 

Overall order = 1 


(b): х= CRT 
= gm 
C 


But, slope E =291R 


RT=291R = T=291K 
T = (291 - 273)°C = 18°C 


(b): C= 3RT 


3RTy, 


Coo _ ЗКТсо 
Cn, Mco 


1000 300 28 
= x 


Cx, Y 28 600 


= Cy, = 1000 x 1.414 = 1414 m/s 


(b): The two very important conditions for 
liquifying a gas are 


= Су, =1000х V2 


V 
8. 


10. 


11. 


12. 


13. 


1. Temperature should be lower than the critical 
temperature (Т < T,). 

2. Pressure should be greater than the critical 
pressure (P > Р,). 

(c) : Enantiomeric excess is (85 – 15) = 70%. 

(a): This is an isomerisation reaction which takes 

place in the presence of AlCl, and HCl. From 

para-dimethylbenzene, ortho-dimethylbenzene is 


produced. 
CHO - CH,OH 
H 2 
„(бю э (бен 
CHO COO 
It is an intramolecular Cannizzaro reaction. 


Mass of the unit cell 
Volume of the unit cell 


(а): Density = 


. No.of atoms x Mass of each atom 


Volume of the unit cell 


Axm (7 in fcc, no. of atoms = 4) 


a 
(a) H 2505( + Оз = 2503(g 
AG--RTlnK 
-690.9 R= -RT ln K 


2.303 = К 
2.303 = 2.303 log К 
К= 10! 


2 
Pso, 


2 
Ро, Po, atm 


atm? -1 
x =atm 


p7 


1000 


(а): А=кх 


A _ ohm ст? вед! 
Е 1 


=> 


= cm? g eq! 
K ohm стг 


À 1000 1000 
x М 10?geq 


1 


= 10° cm?g eq 


Force М 


(b): Surface tension = = 
Length m 


i -2 
ES na -kg ge 


14. 


15, 


16. 


17: 


18. 


19. 


20. 


21. 


22. 
23. 


24. 
25; 


-kgms?m?s-kgm s! 


Activity of salt 
Activity of acid 
Concentration x Volume (salt) 


(d): pH = pK, + logio 


=> 5.74 = 4.74 + logio 7 
Concentration x Volume (i 


[Concentrations given are same] 
ү 
l= logio Sat. => Via: Vacid =10:1 


acid 


Vacid? Узак = 1: 10 


O^ 
(b): cl c —6— owe OMe c 6) C— оме 
a^ gll ‘Good | 
О leaving ec a 

i 

Cl Na* ж 

SC: + Nacl «а бс, + С. 
cl” MeO” ‘OMe 


Therefore, the product is carbene. 

(d): Iodination should be done in the presence of a 

strong oxidising agent. 

(c) : Ferric ferrocyanide is the correct answer. 
Cos 


(a) : RMgBr + H—C-OEt 
“Ок | 
OEt OEt 


RCHO + 2EtOH «г. R—CH. + Mg. 

OEt Br 
(c): For fog, dispersed phase is liquid and 
dispersion medium is gas. 
(a): Alkali metal oxides are very much basic. 
Down the group in the alkaline earth metal series, 
ionisation potential decreases. 
(a): nee + H,O + 2e —> 30H 
(a) : Brown ring is [Fe(H5O)5(NO)]SO,. 
(a): В(5) 2 1s? 2s? 2p! 
In second ionization potential electron has to be 
removed from 2s. 
It is quite high energetic. 
(a) H Pais) Es 10S5O5Cl( —_ АРС) ЗЕ 10505( 
(a): н,ӧ (О is group 16), SnCl, (Sn is group 14), 


РС (Р is group 15); :ХеЕ, (Хе is group 18). 
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26. 
27; 


28. 
29; 


30. 


3L 


32. 


33. 


Ф 


(а) 
(с): CH, =C=CH —CH —Ç SUCH 
[А 
Y | sp 
sp CEN 
Y 
sp 
(a) 
(a) H 4Ац у + 8CN ад) + 2Н,0(у + O»(g) ——» 


4[Au(CN)5](, + 4OH(,) 
2[Au(CN) a] aq.) + Zn —9 


2Au(y + [Zm(CN)a] ag.) 


(a): 1s22s22p635?3p634104524p644104f 0552 556 
Маг Е) 


Stable xenon соге (Z = 54) 
For Z = 56, it will be [Xe]6s? 
In lanthanum (Z = 57), electrons should enter in 4f 
but to maintain stable xenon core it will go into 5d 
(difference is little in between 4f and 5d). 
But in cerium (Ce, Z = 58), electron enters into 4f. 
Ce?* = [Xe]4f } 
(a): The roasted copper pyrite contains Cu,S 
and FeO and some unreacted FeS. Roasted ore 
on smelting with sand (silica, SiO) forms fusible 
ferrous silicate slag, FeSiO3. 
FeO + SiO. ——> FeSiO; 
Silica Ferrous silicate 
(Slag) 
The lower molten layer consists of Cu,S as copper 
matte. 


(c): (i) Le +905 И, ЅЪСІС 
Lx es 
(Aromatic) 
(ii) (Jana -THES ©) Nat 
6n e^s 
(Aromatic) 
Br, ‚Н 
o Cone 
бле 
(Aromatic) 
NH, № 


(c): АН= AU + An,RT 
= АН = 2000 +2 x 2 x 300 
Г. Ang=2-0=2,R=2cal К! mol] 
= 3200 cal 


AG = AH - TAS = 3200 - (300 x 20) = - 2800 cal 
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34. 


35. 


36. 


38. 
39. 
40. 


(a): 2Ар(у ——> 2Ag* (0.1 М) + 2e 
2е- + Zn% (0.1 M) —> 7л) 
2Ар(,у + Zn^* (0.1 M) —> 2Ag*(0.1 М) + Zn 


ge 0.0591 [АБТ] 
Есер -E cell ~ -logio [Zn?*] 
0.0591 0.1 
EQ 7-1.562- logio ( ai y 


= -1.562 - 0.03 log, 910^! 
= Ес = -1.562 + 0.03 = -1.532 V 


(a): 


2AgNO, + Na,S,0, (230) — Ag, $504 
X) 

mes ppt.) 

Ag,S «Н.А Na,[Ag(S,03)9] 


(2) 


excess 
М№а,5,0; 


( 
soluble 
COCH,CH,CH, 
CH,CH,CH,COC1 


anhy. AICI, 
Friedel-Craft acylation 


(b): 


Zn-Hg | Clemmensen 
HCI, A 


CH,CH,CH,CH, 


reduction 
CH,CH,CH,CH, 


HNO,, H,SO, 
A 


‚ (a): HJN—CH—COOH 


CH, 
H N— сн-@оо Unaffected 
Acidic medium : H3 Сооњо acidic 
medium 


Cu, 


Basic medium : ELN) — п 
Unaffected CH, 


in basic 
medium 
(a, d) 
(a, b, 4): (c) has plane of symmetry. 


(a,c) :Having high ionization energy, inert gases 
do not form compounds. Inert gas compounds are 
hypervalent in nature. So no question of octet fill 
up through compound formation. 


ee 
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where control of pathogens is required. How can 
these two compounds be obtained from a single 


organic compound? 


WE ANSWER ре 
Ans.Saccharin апа chloramine-T, both of these 


Do you have a question that you just can't get compounds can be prepared from methyl 
answered? cyclohexane as follows : 

Use the vast expertise of our mtg team to get to the Catalytic dehydrogenation of methyl cyclohexane 
bottom of the question. From the serious to the silly, gives toluene which on treatment with 


the controversial to the trivial, the team will tackle the 
questions, easy and tough. 
The best questions and their solutions will be printed in 


chlorosulphonic acid yields a mixture of ortho and 
para-toluenesulphonyl chloride. 


this column each month. CH; © 
Q1. Can the stains of mustard oil be removed using ш ы ОБОН 
tassi te or any other oxidisin dehydrogenation” K 
potassium permanganate or any g Methyl © 
agent? cyclohexane 
Akshay Kumar (Bhagalpur, Bihar) | 
| : ; ; On С 
Ans. Mustard contains turmeric which gives it a 2 
beautiful colour, and also acts like a dye. Because 
. . : el isomer 
of s it can be very си to remove the SO,Cl ача 
stain. Some chemicals, like alcohol, hydrogen plore 
peroxide, vinegar and perchloroethylene can (minor) 
be used for removing stains at home. There are Ortho-isomer reacts with ammonia and potassium 
several oxidative discharge agents used in the permanganate to give saccharin. 
textile industry like sodium hypochlorite, sodium CH; CH, 
chlorite and potassium permanganate, etc. which SO,CI SO,NH, 
NH 
are not recommended at all for use at home. —3» 
Potassium permanganate is a strong oxidising po m mum 
agent when dissolved in water. sulphonamide 
2KMnO, + Н,О —9 2KOH + 2MnO, + 3[O] (ono, 
The manganese oxide (MnO;) left behind by COOH 
potassium permanganate reactions is deep brown COS М SO,NH, 
ї 
in colour and this reagent is used industrially to (x ,NH «то 
discharge indigo-dyed denims, but it is extremely SO, 


; Я -Sulphobenzimid 
poisonous and also becomes dangerously explosive ° ES Я е А 


if its solution is left to dry up. Para-isomer reacts with ammonia and NaOCl/ 


Apart from these, ammonia (NH3) is also not used NaOH to ~ chloramine-T. 

for removing the stains from clothes. It reacts with CH 

turmeric (the ingredient in mustard) that makes it 3 

i i EUN 

yellow and hence, making the stain permanent. AD Na* + H,O 
Q2. Saccharin (550 times sweeter than sugar) is 

a well known sweetening agent and a sugar SO,Cl SO;NH, SON — Cl 

substitute in foods and beverages. On the other 278077 Fe aku di i 

hand, chloramine-T is an antiseptic and a mild we [на өс m 

disinfectant used in hospitals, laboratories ee 
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OLYMPIAD ' 
PROBLEM 


1. With four bonded pairs as given in ball-stick model 
that represents the shape or structure of different 
species with different hybridizations, total number 
of possible hybridisations can be 


(a) two 


(b) four 
(c) six (d) eight. 


2. Minimum amount of heat is evolved in 
(a) CH,CH,CH— CH, + H, —> 
H, CH, 
(b) СССр + Hy —> 


H,C 
(c) ө, 


(d) CH, =CH—CH = CH, + 2H, —> 


c=c< +н — 
CH, 72 


3. Consider the following statements : 

І. Isotonic solutions have the same molar 
concentration at a given temperature. 

П. Themolalelevation constant, K; is characteristic 
of a solvent, and is independent of the solute 
added. 

Ш. The freezing point of a 0.1 M aqueous KCl 
solution is more than that of a 0.1 M aqueous 
AlCl; solution. 

Which of these statements is correct? 

(a) I and II (b) II and III 

(c) IL and III (d) I, II and III 


4. Among the following, the correct set of ketones 
capable of giving yellow precipitate with both 
2, 4-dinitrophenylhydrazine as well as with 
alkaline solution of L, is 
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(i) butanone 

(ii) propanone 

(iii) 3-pentanone 

(iv) 2,2-dimethyl-3-pentanone 

(a) (1), (ii) and (iii) (b) (ii) and (iv) 
(c) (i) and (ii) (d) (i), (ii) and (iv) 


If equal volumes of 1 M KMnO; and 1 M K;Cr;O; 
solutions are allowed to oxidise Fe(II) to Fe(III) in 
acidic medium, then Fe(IT) oxidised will be 

(a) more by KMnO, 

(b) more by K,Cr,07 

(c) equal in both cases 

(d) cannot be determined. 


In which of the following triplets all the three 
members are diamagnetic? 

(a) B, CO, NO* (b)-Cu*, OF, O, 

(с) NZ,02*5 NO. (d) O, N25, NO 


Which of the following conditions would favour 
the rearrangement of carbocation? 

(a) Aqueous medium 

(b) Aqueous medium containing dissolved СГ ions 
(c) Concentrated H5SO, 

(d) Alcoholic medium 


If we take 10 litres of a gas at STP, which of the 
following new conditions will keep the volume 
constant? 

(a) 273 K and 2 atm pressure 

(b) 273?C and 2 atm pressure 

(c) 546°C and 0.5 atm pressure 

(d) 0°C and 0.0 atm pressure 

MCrO44) CH,COOH,, ; 

The above change is correct for which of the metal 
ion(s)? 

(a) Ba?*, Sr?*, Ca?* (b) Ba?*, Sr** 

(c) Only Ba?* (d) Sr^*, Ca^* 


MCr O (suspension) 


10. 


11. 


12, 


13. 


14. 


A tripeptide is written as Glycine- Alanine-Glycine. 
The correct structure of the tripeptide is 


О CH, 
(a) а Ni. н coon 


CH, 


CH, О CH, 
(b) NAN a NHN Nom оон 
О 


О 
(с) элү NIN AA seco 


CH, 
CH, О 

(d) мн, N ‘a 04 Ngee S50 
О CH, 


Which compound does not contain sp? hybridised 

boron? 

(a) Product of the reaction of H3BO3 and aqueous 
solution of sodium hydroxide 

(b) Borax 

(с) 1:1adduct of BF; and NH; 

(d) None of the above 


In the reactions, 
CO + 1/2 О, —> СО, 
М» + О» —> 2NO 


10 mL of a mixture containing carbon monoxide 
and nitrogen required 7 mL of oxygen to form 
CO, and NO, on combustion. The volume of N, in 
the mixture will be 


7 17 
(а) 7 mL (b) P mL 


(c) 4mL (d) 7 mL 


Glycerol is obtained from propylene 

(CH; — CH = СН,) by using the following reagents. 
1. Ch П. Na CO; 

Ш. НОСІ ГУ. NaOH 

Correct sequence іп which these reagents аге used 
is 

(a) II, L IV, I 
(c) L IL IV, III 


(b) IL I, III, IV 
(d) L IL IIL IV 


In basic medium, H5O, acts as an oxidising agent in 
its reactions with 
(a) K3[Fe(CN)¢] 
(c) Cr2(SO4)s 


(b) Ag;O 
(d) K,Cr,07 


15. 


16. 


17. 


18. 


19. 


20. 


Which one of the following sets of units represents 
the smallest and largest amount of energy 
respectively? 
(a) J and erg 
(c) cal and eV 


(b) erg and cal 
(d) eV and lit-atm 


The enolic form of butanone contains 

(а) 12 с bonds, 1 л bond and 2 lone pairs of 
electrons 

(b) 11 6 bonds, 1 л bond and 2 lone pairs of 
electrons 

(c) 126 bonds, 1 t bond and 1 lone pair of electrons 

(d) 10 с bonds 2 л bonds and 2 lone pairs of 
electrons. 


If order of the size of lanthanoid ions is 
p > Q* > В+ > S* then Р, О, R and S are 
respectively 

(a) Ce, Pm, Eu, Lu 
(c) Pm, Ce, Lu, Eu 


(b) Lu, Eu, Pm, Ce 
(d) Lu, Ce, Pm, Eu 


To obtain an isotope ofa given radioactive element, 
the element must emit 

(a) one alpha and one beta particles 

(b) one alpha and two beta particles 

(c) two alpha and two beta particles 

(d) two alpha and four beta particles. 


In which of the following cases the benzyne 
mechanism would not operate? 


NO; 
NH; 
(a) NEG) 
Br 
СН» 


NH 
Now 


Which of the following statements is correct 
regarding XeFg? 

(a) It acts as Lewis acid when it reacts with RbF. 
(b) It undergoes complete hydrolysis to give XeO;. 
(c) It fluorinates silica (SiO?) to give XeOF,. 

(d) All of the above. 
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21. Of the elements Sr, Zr, Mo, Cd and Sb, all of which 
belong to 5th period the ones that are paramagnetic 
are 
(a) Sr, Cd and Sb (b) Zr, Mo and Cd 
(c) Sr, Zr and Cd (d) Zr, Mo and Sb 


22. Which of the following is used in the treatment of 
blood cancer? 


(а) 1131 (b) P? 
(с) Rn22 (d) 1127 
23. Ions present in KIBrCl are 
(a) К”, [BrCl] (b) KT, Br, Cl 
(c) [KIBr]*, СГ (d) K^, Br and ICI 


24. An example of an auto-catalytic reaction is 
(a) the decomposition of nitroglycerine 
(b) thermal reaction between KCIO, and MnO, 


(c) break down of uo 
(d) hydrogenation of vegetable oil using nickel 


catalyst. 
25. Polymer used in bullet proof glass is 
(a) PMMA (b) Lexan 
(c) Nomex (d) Kevlar. 


26. Choose the correct statement. 

(a) [Co(NH3)g]?* is oxidised to diamagnetic 
[Co(NH3)¢]** by the oxygen in air. 

(b) Tetrahedral complexes are more stable than 
octahedral complexes. 

(c) [Fe(CN)g]*" is less stable but [FeF,]* is more 
stable. 

(d) The [Cu(NH4)]?* ion has a tetrahedral 
geometry and is diamagnetic. 


27. Nitrogen tetraoxide (N5,O4) decomposes as : 
N;O4(g —» 2NO»(g 


If the pressure of N,O, falls from 0.50 atm to 
0.32 atm in 30 minutes, the rate of appearance of 
NO»; is 

(a) 0.006 atm min! (b) 0.003 atm min! 

(c) 0.012 atm тіп! (d) 0.024 atm min! 


Cl Cl Cl 
"С 60.07 
. ——» * 
X X 


The para to ortho product ratio is highest when 
X is 

(а) NO,* (b) с” 

(c) Br* (d) 80; 
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29. 


30. 


ANSWER 


1. 
6. 


А deliquescent white crystalline hydroxide “X? 
reacts with a nitrate “У to form another hydroxide 
which decomposes to give an insoluble brown layer 
of its oxide. ‘X’ is a powerful cautery and breaks 
down the proteins of skin flesh to a pasty mass. 
X and Y are respectively 

(a) NaOH, AgNO; (b) NaOH, Zn(NO3), 

(c) NaOH, АКМО); (d) Ca(OH), Hg(NO3), 


Glucose molecule reacts with x number of molecules 
of phenylhydrazine to yield osazone. The value of 
xis 

(a) three (b) two 

(c) one (d) four. 


(a) 2. (d 3. (d 4 (б) 5 (b) 

(d 7. (Ф 8. (b 9. (o) 10. (9 

(d) 12. (c) 13. (d) 14. (c) 15. (d) 

(a 17. (a) 18. (b 19. (b 20. (d) 

(d) 22. (b) 23. (а) 24. (a) 25. (b) 

(a) 27. (c) 28. (d) 29. (a 30. (a) 
ee 
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ACROSS x Cut Here 

1. Diamide of carbonic acid. (9) 

6. Colloidal solutions in which the 
dispersed phase has very little affinity for 
the dispersion medium. (11) 

10. Kinetic theory of gases was given by 
— (9) 

11. Minerals having single silicate chains. (9) 

12. Another name of non-stoichiometric 
solid. (11) 

16. An alcohol-water mixture containing 
57.1% of ethyl alcohol by volume. (11) 

18. Chemical name of water glass. (14) 

21. Polymer formed from ethylene chloride 
and sodium polysulphide. (7) 

22. The region of maximum electron density 
in an orbital. (8) 

23. Heterocyclic polyethers with atleast four 
oxygen atoms. (11) 

27. Optically active enzyme present in 
almonds. (7) 

28. The shape of azide ion. (6) 

29. A region of continuous absorption or emission of 
radiations without any line structure. (9) 

DOWN 

2. Solvents which have the tendencies to accept as well as 
donate protons. (11) 

3. Coordination complexes of NO with transition 
metals. (9) 

4. A cork like substance produced by heating acetylene 
in the presence of spongy copper. (7) 

5. Hardest known artificial substance. (7) 

7. A counter that detects nuclear radiations from flashes 
of light generated in a material by the radiations. (13) 

8. Substances added to help in attachment of the ore 
particles to air bubbles in froth floatation process. 
(10) 

9. Joining together of two ice cubes on pressing. (10) 


13. 
14. 


15. 
. Alkaline solution of sodium potassium tartrate. (12) 
19. 
. The metallic sound produced due to irregular burning 


The air temperature at which the relative humidity 
reaches 100%. (8) 


Electron deficient species in which nitrogen has a 
sextet of electrons. (10) 


Another name of cyclic ketals or acetals. (10) 


Spin quantum number was given by. . (11) 


of the fuel. (8) 


. First man-made element. (10) 
. A hard powder obtained by heating Al,O3 in an 


electric arc. (7) 


. Furnace used for annealing of gold. (6) 
. Spontaneous destabilisation of colloidal solution. (6) 
. Cylindrical bar of impure metal used in zone refining 


method. (5) as 


o 
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